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It is rather well established that at least 2 
types of congenital “hemophilioid’” disease 
exist, in addition to true hemophilia. In each 
case, sluggish clotting of blood can be cor- 
rected in large measure by addition of either 
of the other types of blood. Such evidence 
provides the chief grounds for considering the 
3 types as separate entities. It has been pos- 
tulated by some that these 3 disorders are due 
to the presence of inhibitors in the blood 
stream(1). It is more widely held however, 
that they are due to deficiency of 3 rather 
ill-defined factors needed for activation of 
thromboplastin. The 3 factors in question 
have been referred to as antihemophilic factor 
(AHF), plasma thromboplastin component 
(PTC) (2) and plasma thromboplastin ante- 
cedent (PTA) (3). 

Although the nature of hemophilioid fac- 
tors is undetermined, study of their activity 
in coagulation disorders has yielded data 
which are useful in classification and manage- 
ment of these disturbances. Their levels in 
acquired hemorrhagic states have never been 
fully described. In a previous publication it 
was pointed out that faulty adsorption of vit 
K leads to lowering of serum level of PTC(4). 


In the present study, activity of PTA is also 
shown to be affected under similar conditions. 
The effects of parenchymatous liver-cell dam- 
age on hemophilioid factors will also be dis- 
cussed. 

Methods. Labile factor was measured by 
Wolf’s(5) modifications of Quick and Ste- 
fanini’s technic(6). Stable factor was mea- 
sured by modification of the method of Owren 
(7). Prothrombin was measured by the 2- 
stage method of Ware and Seegers(8), modi- 
fied by substitution of purified labile factor 
(9) and stable factor(9) in place of dilute bo- 
vine serum to stabilize the assay. The Pro- 
thrombin time test of Quick(10) is now 
known to measure combined deficiencies of 
stable factor, labile factor, prothrombin and 
more rarely of fibrinogen. A dilution technic 
was used, and all results were expressed as 
per cent of normal. Methods for quantita- 
tive assay of hemophilioid factors have been 
outlined in principle(4). They were based 
on the observation of Biggs et al. that plate- 
lets together with calcium, AHF, PTC and 
PTA can form a potent thromboplastin(11). 
In performing the assays we devised a stand- 
ard procedure whereby a reaction mixture 
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containing platelets and calcium was sup- 
plied with 2 of the 3 hemophilioid factors, 
each in high titer. The third factor, the one 
to be assayed, was added as an unknown 
preparation. The titer of thromboplastin thus 
produced provided a measure of the hemo- 
philioid factor in question. Plasma and sera 
with congenital deficiencies of the various 
hemophilioid factors are used as substrates 
for these assays. In our laboratory, identi- 
fication of these deficiencies was made by 
cross matching plasma or serum with those of 
our earlier cases or with those from other 
laboratories. Plasma and serum having a 
deficiency of PTA were identified by cross 
testing with plasma obtained from Robert 
Rosenthal who first defined the deficiency 
(Si). 


The preparation of assay reagents, as well 
as details of the PTC assay, have been de- 
scribed(4). In assay of PTA, as now de- 
scribed, the serum to be assayed is the source 
of the factor. PTC is supplied by serum 
from a patient congenitally deficient in PTA 
but rich in PTC. Adsorbed plasma from a 
patient rich in AHF but congenitally de- 
ficient in PTA is used as a source of AHF. 
With these modifications, the PTA assay is 
performed as described already for assay of 
PTC(4). To assay for AHF, a test plasma, 
adsorbed with Al(OH)3;, is the source of 
AHF. Normal pooled serum serves as a 
source of PTC and PTA. Al(OH)3;-adsorbed 
plasma from patient congenitally deficient 
in AHF is also added; it serves as source of 
labile factor, the absence of which might in- 
fluence the assay. The reagents already de- 
scribed(4) are mixed as follows: Solution A: 
0.1 cc Al(OH)s:-adsorbed test plasma (un- 
known or normal control plasma); 4.4 cc 
0.85% sodium chloride; 0.5 cc Al(OH)s- 
adsorbed plasma congenitally deficient in 
AHF. Solution B: 0.2 cc normal serum di- 
luted 1:10 with 0.85% sodium chloride; 0.2 
cc human platelet suspension; 0.2 cc 0.02 M 
CaCly. Next, 0.2 cc of Sol. A are incubated 
at 37°C with 0.6 cc of Sol. B. Remainder of 
assay is performed as described for assay of 
PTC(4). 


Results. Activities of hemophilioid factors 


AcourrED DEFICIENCIES OF HEMOPHILIOID FACTORS 


were compared with activities of other clot- 
ting factors in a variety of acquired hemor- 
rhagic states: 


Hepatocellular disease: Blood specimens 
were collected from 20 patients having a va- 
riety of hepatocellular diseases, and from 30 
normal controls. Various coagulation factors 
were measured, with special emphasis on 
PTA, PTC and AHF. In addition, hepatic 
status was evaluated on clinical grounds and 
by performing routine tests of hepatic func- 
tion. Patients with liver disease were divided 
into 2 groups, acute and chronic (Table I). 
The former included infectious hepatitis and 
homologous serum hepatitis; the latter in- 
cluded portal cirrhosis, Wilson’s disease, Gau- 
cher’s disease and carcinoma metastatic to 
the liver. In acute disorders, levels of PTA 
activity ranged from 21% of normal in pa- 
tient with severe homologous serum hepatitis, 
to 43% of normal in patient recovering from 
infectious hepatitis. In chronic disorders, 
levels of PTA ranged from 16% in patient 
who died shortly thereafter with acute yellow 
atrophy, to 95% of normal in patient with 
mild portal cirrhosis. PTC values in these 
patients had a similar range. In both acute 
and chronic groups, data for serum proteins, 
bilirubin and cephalin flocculation also varied 
considerably but these data corresponded 
roughly with data for the clotting factors. 
None of these tests differentiated clearly be- 
tween acute and chronic disorders. Blood lev- 
els of PTA and PTC seemed often to provide 
a more sensitive index of dysfunction than 
did levels of prothrombin, stable factor or la- 
bile factor. This too can be concluded from 
recent data published on PTC by Cowling © 
Chez ye 

Vit K deficiency: The influence of vit K 
on prothrombin has been known for many 
years and its influence on stable factor and 
PTC has been investigated previously (13,4). 
Influence of the vitamin on PTA has never 
been reported. Several patients with inabil- 
ity to adsorb vit K were therefore studied. 
Diagnoses included non-tropical sprue, ob- 
structive jaundice and _ fibrocystic disease. 
Representative data, obtained on patient with 
obstructive jaundice are shown in Table II. 
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ACQUIRED [)EFICIENCIES OF HEMOPHILIOID FACTORS 


TABLE II. Effect of Vit. K Replacement on Levels of PTA, PTC and Other Clotting Factors 
in Several Patients Unable to Adsorb Fats. 


——— 


-—Proth. time—, Labile 


Stable 


Obstructive jaundice 


Before treatment 22 

26 hr after Hykinone (10 mg) 86 
Fibrocystic disease 

Before treatment alle 

24 hr after Hykinone (15 mg) 82 
Sprue, non-tropical 

Before treatment 5 

28 hr after Vit. K, (75 mg) 81 


34 


lstage 2stage factor factor PTA JANG: AHF 
sepia NEW. 3% In % of normal ~ 
66 91 15 40 23 96 
100 89 38 100 75 94 
82 9 ib 11 100 
9 82 86 73 78 100 
90 7 9 ff 95 
92 ao 68 86 95 
Table III. Depressions of prothrombin, 


A deficiency of vit K in this patient was ac- 
companied by depression in levels of pro- 
thrombin, stable factor, PTC and PTA. 
Ability of vit K to correct these deficiencies 
was tested by intramuscular administration of 
10 mg of menadione sodium bisulfite (Hyki- 
none). Twenty-six hours later, all afore- 
mentioned clotting factors had either in- 
creased by 100% or had returned to normal 
levels. PTA activity increased from original 
level of 40% before treatment, to 100% of 
normal after treatment. Other patients with 
inability to adsorb vit K showed a similar re- 
sponse when the vitamin was replaced (Table 
189) 

Effect of anti-vit K. Deficiencies of pro- 
thrombin(14), stable factor(15) and PTC 
(4) have been reported. A fall in PTA has 
not previously been reported. A number of 
patients were studied while receiving 3-3’- 
methylenebis (4-hydroxy coumarin) (Dicu- 
marol). Two representative patients, suffer- 
ing with thrombophlebitis, were treated. As- 
say values of coagulation factors are shown in 


stable factor, PTC and PTA accompanied 
treatment with this compound. Upon re- 
covery from thrombophlebitis, the ability of 
vit K to correct these deficiencies was tested 
by intramuscular administration of vit K and 
Hykinone. Within 24 hours, factors previ- 
ously depressed had risen almost to normal 
levels. In one case, PTA activity increased 
from original level of 22% before treatment 
to 89% of normal after treatment. 
Discussion. Disturbances in blood coagu- 
lation associated with hepatic disease are not 
simple ones. Significant deficiencies of a 
number of circulating coagulation proteins 
exist. These deficiencies may be related both 
to destruction of hepatic cells and to hypo- 
vitaminosis K of biliary obstruction. Blood 
levels of prothrombin, stable factor, labile 
factor, PTC, fibrinogen and PTA are reduced 
in disease processes that are predominantly 
hepatocellular. Levels of prothrombin, stable 
factor, PTC and PTA are also dependent 
upon an adequate supply of vit. K. In any 


TABLE III. Effect of Vit. K, and Hykinone on Levels of Clotting Factors Altered by Admin- 
istration of Dieumarol. 


-——Proth. time—, Labile 
lstage 28 


Patient A 
Before Dicumarol 100 
After 6 days of Dieumarol 26 
20 hr after Hykinone (10 mg) 70 
Patient B 
Before Dieumarol 100 
After 9 days of Dicumarol iil 
22 hr after vit. K, (40 mg) 48 


Stable 
tage factor factor PTA head RO) AHF 
-In % of normal Ent 
100 97 100 98 100 95 
68 97 17 22 13 95 
89 94 60 89 85 95 
100 100 96 100 100 
21 100 13 24 29 100 
100 5 100 


51 58 


AcQuIRED DEFICIENCIES OF HEMOPHILIOID FACTORS 


hepatic disorder, the relative importance of 
hepatocellular damage and vit. K deficiency 
varies. Summation of the two frequently at- 
tains clinical importance. If the hemor- 
rhagic crisis is predominantly due to hepatic 
cell destruction, vit K will be ineffective, and 
deficient factors must often be replaced by 
transfusion of blood or plasma. Fortunately, 
stored blood preparations commonly available 
retain high levels of PTA, PTC, prothrombin, 
stable factor and fibrinogen. However, their 
titers of labile factor are often low. There- 
fore, when significant deficiencies of labile 
factor exist, hemostasis may be restored only 
by transfusion of fresh blood or plasma. Thus 
it is that analysis of specific deficiencies may 
be important. 

Dependence of several coagulation factors 
upon hepatocellular function is not surprising, 
since a wide variety of blood proteins are 
similarly dependent. However, several of 
these factors have other properties which sug- 
gest that the relationship between them may 
be a close one. Prothrombin, stable factor, 
PTC and PTA have physical properties in 
common (é.g. precipitation, adsorption, sta- 
bility). In addition, these 4 clotting factors 
must share at least one common metabolic 
pathway since all 4 are dependent upon vit K. 
Other blood proteins have not been shown to 
be dependent upon this vitamin. 

Summary. Deficiencies of hemophilioid 
factors are not necessarily genetic in origin. 
Serum activities of plasma thromboplastin 
antecedent (PTA) and of plasma thrombo- 
plastin component (PTC) were depressed in 
20 patients with a variety of hepatocellular 
disorders. PTA and PTC activities were also 
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reduced in several patients who developed a 
deficiency of vit K subsequent to inability to 
adsorb fats. PTA and PTC were depressed 
in a number of patients following administra- 
tion of 4-hydroxy coumarin compound. In 
these latter 2 groups, PTA and PTC activi- 
ties rapidly increased toward normal follow- 
ing administration of vit K analogue. Sig- 
nificant deficiency of antihemophilic factor 
(AHF) was not found in any of the above 
conditions. 
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. 2. * 
Isolation and Identification of a New Ketone Body in Normal Human Urine. 


(23031) 


M. U. Tsao anv E. L. PFEIFFER (Introduced by H. N. Christensen) 
Department of Pediatrics and Communicable Diseases, University of Michigan Medical School, 
Ann Arbor. 


Acetoacetic acid, its reduction product, B- 
hydroxybutyric acid, and its decarboxylation 
product, acetone, have long been considered 
the ketone bodies of blood and urine. In the 
course of a study involving quantitative deter- 
mination of dihydroxyacetone in urine, we ob- 
served interference by a neutral ketone other 
than acetone on the colorimetric assay of the 
triose. This report describes the isolation 
and identification, and discusses the possible 
origin of a new ketone body, methyl ethyl ke- 
tone, in human urine. 

Materials and methods. ‘Ten liters - of 
pooled urine from 5 apparently healthy adults 
collected under toluene in sterile containers 
were acidified with 800 g of metaphosphoric 
acid, and the small amounts of protein and 
other colored material were filtered with the 
aid of Celite. To the filtrate was added 42 g 
of recrystallized 2,4-dinitrophenylhydrazine 
hydrochloride prepared as a saturated solu- 
tion, in warm 2 V HCl. After 48 hours’ stand- 
ing at 25°, the dark orange precipitate was 
collected on a sintered glass funnel with a 
layer of Celite over the filtering surface. The 
contents of the funnel were washed twice with 
250 ml of water and subjected to suction for 
removal of water. Precipitate and Celite were 
extracted with ethyl acetate repeatedly until 
no more colored material came off the Celite. 
The combined extracts measured about 2 1 
and were washed with 2 N HCl until the 
washings became nearly colorless, to remove 
unreacted 2,4-dinitrophenylhydrazine and 
other acid-soluble impurities. Then the ethyl 
acetate solution was washed repeatedly with 
5% NaHCO; solution until washings became 
nearly colorless to remove hydrazones of keto 
acids. Finally the organic layer was washed 
with water and the solvent removed by stream 
of air overnight. The black syrupy residue 


* Aided by grant from Playtex Park Research In- 
stitute. 


was taken up in 100 ml of hot 95% alcohol 
and the solution was treated with 0.5 g of 
Norite charcoal, then filtered. The filtrate 
yielded a gummy precipitate on cooling. This 
process of purification was repeated 6 more 
times with minimum amounts of alcohol so 
that crystalline material was finally obtained. 
After 3 recrystallizations of the product from 
95% alcohol and two recrystallizations from 
50% alcohol, the pure material in the form 
of long plates had a melting point of 111-112° 
(corr.). Approximately 50 mg of 2,4-dini- 
trophenylhydrazone of the unknown neutral 
ketone was isolated from 10 | of urine. 
Results. For identification of the unknown 
ketone the recorded melting points of 2,4-dini- 
trophenylhydrazones of known ketones were 
surveyed; methyl ethyl ketone had a melting 
point of 111°(1). The 2,4-dinitrophenylhy- 
drazone of commercial methyl ethyl ketone 
(Eastman Kodak Co.) was prepared and the 
identity of the derivative of the unknown ke- 
tone with that of methyl ethyl ketone was es- 
tablished by the following observations: a) 
the mixed melting point showed no depres- 
sion, b) chromatogram on Whatman No. 1 
filter paper developed with methanol-satur- 
ated heptane(2) showed identical R; of 0.64 
(3), ¢) absorption spectra in 0.25 V NaOH 
(in 70% alcohol) were identical, showing the 
same maxima at 434 mu and 335 mu. 
Discussion.t The most likely precursor of 
methyl ethyl ketone is a-methylacetoacetic 
acid which has been suggested as an inter- 
mediate of isoleucine catabolism(4.5). The 
steps in pathway from isoleucine to methyl 
ethyl ketone may be postulated as follows: 
oxidative deamination, decarboxylation, £- 
oxidation of long carbon chain(6), and finally 
decarboxylation. Since this ketone was found 
in the steam distillate of mulberry leaves(7), 


+ We wish to thank Drs. I. A. Bernstein and 
M. J. Coon for their kind advice. 


VITAMIN Byo AND LIVER EXTRACT 


one must not overlook the possible dietary 
origin of methyl ethyl ketone in normal hu- 
man urine. 

Summary. Methyl ethyl ketone has been 
isolated from normal human urine and iden- 
tified. Its possible origin was briefly dis- 
cussed. 


——— 
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Vit. Bj. Levels in Serum and Urine Following Parenteral Administration 


of Crystalline Vit. By. or Liver Extract.* 


(23032) 


L. L. SHEELY, O. NEAL MILLER AND W. G. UNGLAUB 
Laboratory of Nutrition and Metabolism, Departments of Medicine and of Biochemistry, 
Tulane University School of Medicine, New Orleans, La. 


Sokoloff, Sanneman, and Beard(1) on the 
basis of urinary excretion studies have sug- 
gested that there may be better retention of 
vit. By. activity in tissues following paren- 
teral administration of purified liver extract 
than following an equal amount of crystalline 
vit. By. It has been postulated(2) that vit. 
By2 must be bound to serum proteins to pre- 
vent its excretion and therefore facilitate its 
ultimate retention in tissues. This paper com- 
pares serum and urine vit. By levels of 2 
groups of normal subjects, one group given 
crystalline vit. By., the other given an equiva- 
lent amount of vit. B;2 in the form of purified 
liver extract. 

Materials and methods. Subjects for this 
study were students and staff of Tulane Uni- 
versity School of Medicine, and selected pa- 
tients from Charity Hospital. One group of 
these subjects was given 50 ug of crystalline 
vit. B,ot in 1.0 ml of solution. The other 
group was given an amount of purified liver 
extract? containing 50 pg of vit. Bis, in 3.3 


* This investigation was supported by grants from 
Nutrition Foundation, P.H.S., and Williams Water- 
man Fund of Research Corp. 

t “Cobione” was supplied by Merck Co., Rahway, 
Is dk 

t Liver extract was supplied by Lederle Division 
of Am. Cyanamid Corp., Pearl River, N. Y. 


ml of solution. Both vit. Bys solution and 
liver extract were assayed prior to use by 
microbiological technic using L. leichmannii 
(ATCC-4797). In both groups, blood sam- 
ples were drawn before injection, and at 1, 4, 
8 and 24-hour intervals following injection. 
Urine was collected for 24 hours following in- 
jection. Diet was not controlled, as normal 
diets were not found to affect urinary excre- 
tion or serum levels of vit. By2(3,4). Serum 
was separated from blood samples and stored 
at —20°C until assayed. From each sample 
of serum collected, an aliquot was treated 
with acid-washed charcoal, 75 mg/ml to ad- 
sorb free vit. By2(5). These aliquots, along 
with untreated aliquots, were then assayed 
for vit. B,.'(6). Aliquots of 24-hour urine 
samples were stored at —20°C until assayed 
(3,6). Serum vit. By. levels are expressed as 
myg/ml and urinary excretion values are re- 
ported as pg/24 hours. To approximate the 
average amount of bound vit. By. in serum 
over 24 hours and to relate this value to the 
average total vit. By, bound and total levels 
of the vitamin, of each subject, were plotted 
on coordinate graph paper for 0, 1, 4, 8, and 
24 hours following the dose. The points were 


§ “Vit. B,)” and “Vit. B,, activity” will be used 
synonymously. 


VITAMIN Bis. AND LIVER EXTRACT 


TABLE I. Vit. By Values (myg/ml) in Serum following Administration of 50 yg Crystalline 
; Vit. By. or Its Equivalent as Liver Extract. 


—— LE 


Form of vitamin administered 
Liver extract (8) 


Time of Crystalline (8) 
sampling, hr Total Bound % bound Total Bound J bound 
Fastin O74 04* 19+.04 704 244-08 214.03 87.5 
ie 2 1.744 .15 sD == 1.00 43.1 XQ as ails e OL 09 72.9 
4 94 + .05 69 + .04 73.4 1.10 + .08 t= 08 70.0 
24 52 + .04 41+ .04 78.8 47 + .04 39 = .03 82.9 
Avg % bound, caleulatedt/24 hr period 64.9 + 3.4 81.5 + 2.5 


* Stand. error of mean. 


+ Caleulations described under methods. 


No. in parenthesis is No. of subjects in group. 


connected to form rough time-course curves, 
and the area under the curves determined. 
Average bound vitamin is expressed as % of 
total vit. Byo. 

Results. Values for total vit. By. in serum, 
drawn post absorptively, averaged 0.26 mpg 
(Table I) which agrees with values previ- 
ously reported by this method (4,5,7). Bound 
vit. By values of all subjects in post absorp- 
tive state averaged 0.20 myg, which is about 
77% of total vit. in serum, and is in agree- 
ment with data obtained previously (5,8,9). 
Serum vit. By. levels, both total and bound, 
determined 24 hours following injection of 
the vitamin are higher in both groups than 
pre-injection fasting levels (Table I). 

Average maximum concentrations of to- 
tal vit. By. and bound vit. By. were 1.8 
and 0.8 mpg respectively in the group 
given crystalline vitamin. In contrast, 
average maximum concentration of total vit. 
By. was lower in the group receiving liver 
extract, 1.2 compared to 1.8 mug. However, 
average maximum concentration of bound 
vitamin was the same in both groups. . 

The time required for maximum vit. By» 
level in serum to be reached was different in 
the 2 groups. In the group given crystalline 
vitamin, 7 of 8 subjects reached maximum 
values in one hour, however, 6 of 8 subjects 
given liver extract required 4 hours. These 
observations are reflected in data shown in 
Table I. One hour after injection of vit. By», 
average level in serum was greater in the 
group receiving crystalline vitamin than in 
the group receiving liver extract, although no 
difference was observed in serum levels taken 
at 4 hours. 


Average proportion (%) of bound vitamin 
to total vitamin was calculated over the 24 
hour period as described above. Data shown 
in Table I demonstrate that a greater % of 
vit. By. was bound following administration 
of liver extract than was observed following 
injection of crystalline vitamin, 81.5 + 2.5% 
and 64.9 + 3.4% (p<0.01). These data 
suggest that a greater proportion of vitamin 
is free, following administration of crystal- 
line vit. B,2, and therefore it would be antici- 
pated that a greater amount of vit. By. would 
be excreted in urine following administra- 
tion of crystalline vit. Bys, rather than 
liver extract. Urinary excretion of the vita- 
min in the group receiving crystalline vit. By» 
(16 subjects) averaged 9.0 + 0.75 pg as 
compared to 6.0 + 1.1 ug for 8 subjects that 
received liver extract. The groups are sig- 
nificantly different at the 2% level. 

Although crystalline vit. By. is completely 
adsorbed on charcoal and completely dialy- 
zable against 100 volumes of saline; vit. Bio 
in liver extract, although completely adsorbed 
on charcoal, was only 67% dialyzable under 
these conditions. It seemed probable that the 
differences in urinary excretion resulted from 
unavailability of the vitamin to the blood and 
hence to the kidney, when administered as 
liver extract. 

Discussion. Ability of human serum to 
bind vit. Bis, im vitro and in vivo, has been 
studied by several investigators(5,7,8,9). 
Mollin and Ross(2) studied this phenomenon 
in normal subjects, and showed that human 
serum has a limited ability to combine with 
vit. By, with maximum serum bound vit. By». 
levels of 0.8 to 1.4. It is possible that bind- 
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ing of vit. Bj. with serum may be necessary 
to prevent its urinary excretion, and that the 
binding mechanism is capable of handling a 
limited amount of absorbed vitamin. Urin- 
ary excretion of vit. Bj. may be proportional 
to the level of free vitamin in serum(2), al- 
though this point has not been confirmed in 
this laboratory. 

Upon examination, the data demonstrate 
that total concentration of vit. B;. in serum is 
not the only factor influencing maximum con- 
centration of bound vit. B,.. This is suggested 
by the observation that maximum concentra- 
tion of serum bound vitamin is not different 
in the 2 groups one hour after administration 
of the vitamin while maximum concentration 
of total vitamin is different. However, con- 
centration of total vit. B;. does influence to 
some degree the concentration of bound vita- 
min, inasmuch as the highest bound vitamin 
levels occurred at 1 hour in the group receiv- 
ing crystalline vitamin and at 4 hours in the 
other group. 

The higher proportion (%) of bound vita- 
min in serum of the group receiving liver ex- 
tract was probably due to slower absorption 
from site of injection, inasmuch as total con- 
centration of vit. Bio in serum does not seem 
to be directly related to the binding maxi- 
mum. This slower absorption, perhaps in- 
fluenced by the non-dialyzable fraction of 
liver extract, resulted in less vitamin present 
in free or uncombined form. However, ab- 
sorption was rapid enough to saturate the 
binding mechanism. This slower absorption 
continued over a longer period of time, and 
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apparently resulted in less excretion of the 
vitamin by the kidney. 


Summary. Liver extract and crystalline 
vit. Bi. were administered in equivalent 
amounts to 2 groups of normal subjects, and 
total serum vit. Bj» levels, bound vit. By» lev- 
els, and urinary excretion of vit. By» compared 
in the 2 groups. Concentration of free vit. By. 
was higher in the group receiving crystalline 
vitamin. Over the 24-hour period, percentage 
of bound vitamin serum was greater in the 
group receiving liver extract. Urinary  ex- 
cretion of vit. By» was significantly lower in 
the group receiving liver extract. 


The authors wish to express appreciation for in- 
terest and assistance of Dr. R. G. Yaeger, Jean 
Snider and Barbara Geer. 
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Studies on Conversion of Phenylalanine to Tyrosine in Phenylpyruvic 


Oligophrenia.* 


(23033) 


HerBert W. Watrace, Kivre Motpave, AND ALTON MEISTER 
Department of Biochemistry and Nutrition, Tufts University School of Medicine, Boston, Mass. 


Recent studies(1,2) indicate that patients 
with phenylpyruvic oligophrenia have mark- 
edly reduced ability to convert phenylalanine 
to tyrosine. The enzyme system that cata- 
lyzes this conversion was demonstrated in 
mammalian liver preparations by Udenfriend 
and Cooper(3), and subsequently Jervis(4) 
reported that this enzyme activity was lack- 
ing in livers of 2 patients with phenylpyruvic 
oligophrenia, whose tissues became available 
for study at autopsy. No studies on freshly 
obtained liver have apparently been reported; 
the lability of this enzyme system suggests 
the desirability of such study. Mitoma(5) 
recently made the interesting observation that 
rat phenylalanine oxidizing system can be 
separated into two protein fractions; one of 
these (Fraction I) was relatively labile and 
was found solely in liver, while the other 
(Fraction II) was more stable and found also 
in certain other tissues. We have been for- 
tunate in obtaining a biopsy specimen of liver 
from a patientt with phenylpyruvic oligo- 
phrenia, and have carried out studies on the 
ability of this preparation to catalyze conver- 
sion of phenylalanine to tyrosine in the pres- 
ence and absence of the 2 purified rat liver 
fractions. 

Methods. Liver samples were placed in 
cracked ice within a few minutes of excision, 
and homogenized within 10 minutes with 2 
parts of ice-cold 0.15 M KCl. Rat Fractions 
I and II were obtained as described(5). The 
reaction mixtures consisted of diphosphopy- 
ridine nucleotide (0.06 »M), nicotinamide 


* This research was supported in part by grants 
from N.I.H., Public Health Service, Bethesda, Md. 
The authors acknowledge the skillful assistance of 
Miss Rita Indresano. 

+ The patient was a 4-year-old white male exhibit- 
ing characteristic biochemical and clinical signs of 
phenylpyruvic oligophrenia; the authors are indebted 
to Dr. Marshall Kreidberg of Boston Floating Hospi- 
tal for making this patient available for study and 
for his cooperation and interest. 


(0.5 »M), ethanol (2 »M), t-phenylalanine- 
3-C™ (0.4 1M; 56,000 cpm), and 0.1 ml of 
homogenate (or 0.05 ml of rat fraction) ; final 
volume was 0.20 ml. The mixtures were in- 
cubated 30 minutes with shaking at 37°. 
After incubation, one-third of the reaction 
mixture was transferred to a paper chromato- 
graphic strip (30 x 2 cm; Whatman No. 3), 
developed in a solvent consisting of n-butanol, 
acetic acid, and water (4:1:1). After ascend- 
ing chromatography for 12 hours, the strips 
were cut into one cm sections and counted in 
a flow-gas tube. Under these conditions, the 
Ry values for tyrosine and phenylalanine 
were, respectively, 0.38 and 0.66. The % 
conversion was calculated from the cpm in 
the tyrosine area and the total cpm on each 
strip. No significant radioactive material was 
found in other than the phenylalanine and 
tyrosine areas. The values given in Table I 
represent the averages of 2 closely agreeing 
duplicate experiments. Homogenates used in 
these experiments were frozen immediately 
after use; repetition of experiments 3 weeks 
later with freshly-prepared purified rat frac- 
tions gave very similar results. 


Results. As indicated in Table I, the 
homogenate prepared from the liver of the 
phenylketonuric patient did not catalyze de- 
tectable conversion of phenylalanine to tyro- 
sine. Under experimental conditions em- 
ployed, a conversion of 0.5% could have been 


TABLE 1. 


% 
Tissue preparation conversion 
Phenylketonurie liver homogenate 0 
Idem + rat Fraction I 76.4 
SR xt 2 mi 12.3 
Rat Fraction I 9.2 
» 2 ich 3.3 
wu IT + rat Fraction IT 24.0 
Rat liver homogenate 21.9 
Normal human liver homogenate 7.8 
Idem 10.2 
a 14.1 
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detected. This result contrasts with those ob- 
tained with homogenates prepared from sev- 
eral normal human livers? and livers of rats. 
Rat liver Fractions I and II, in confirmation 
of Mitoma, catalyzed much lower conversion 
when studied alone than when assayed _to- 
gether; values for rat Fractions I and II to- 
gether were about twice the sum of the indi- 
vidual values for the 2 fractions. When rat 
Fraction I and the phenylketonuric liver pre- 
paration were incubated together, a striking 
increase in conversion of phenylalanine to 
tyrosine was observed; much less activity was 
noted when the phenylketonuric preparation 
and rat Fraction II were incubated together. 


These observations are consistent with the ~ 


conclusion that the liver of the phenylke- 
tonuric patient did not catalyze conversion of 
phenylalanine to tyrosine. They also suggest 
that the more labile protein fraction, appar- 
ently present only in liver is lacking in phe- 
nylketonuric liver. The smaller activation 
observed with rat Fraction II may probably 
be ascribed to incomplete separation of the 
fractions; it is evident that neither of the rat 
fractions is completely free of the other. 


The striking activation observed with 
phenylketonuric liver homogenate and rat 
Fraction I together suggests not only that a 
component corresponding to rat Fraction I is 
lacking, but that considerable quantities of 
the component corresponding to rat Fraction 
II are present in the phenylketonuric liver. 
Similar studies carried out with normal hu- 
man liver homogenates and homogenates of 


t+ The authers wish to thank Drs. A. Callow, H. 
Miller, H. Rheinlander, H. Sugarman, and R. P. 
Johnson of the New England Center Hospital, and 
Professor C. G. Child of Boston City Hospital for 
providing liver specimens used in these studies. The 
“normal” specimens were obtained from 3 patients 
with gall bladder disease. 
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rat liver indicated that rat Fraction I pro- 
duced activation, although less than that ob- 
served with the phenylketonuric liver prepa- 
ration. The latter experiments are consistent 
with the belief that in crude homogenates the 
component corresponding to Fraction II is 
present in large amounts, and also with the 
observed lability(5,6) of Fraction I. How- 
ever, other explanations are not excluded, and 
it is evident that final conclusions cannot be 
made until the detailed mechanism of this en- 
zymatic reaction is elucidated. The present 
findings and those reported in the accompany- 
ing paper(6) suggest that the defect in phe- 
nylpyruvic oligophrenia is related to the ab- 
sence of a specific hepatic factor rather than 
one which is present in a number of tissues in- 
cluding brain. 

Summary. A homogenate of a biopsy speci- 
men of liver obtained from a patient with 
phenylpyruvic oligophrenia did not catalyze 
detectable conversion of phenylalanine to ty- 
rosine, under conditions whereby liver homo- 
genates obtained from normal individuals 
were active: in catalyzing such conversion. 
Addition of a fraction prepared from rat liver 
(which exhibited relatively low activity 
alone) to the inactive phenylketonuric liver 
homogenate resulted in striking activation of 
the conversion of phenylalanine to tyrosine. 
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On the Nature of Enzymatic Defect in Phenylpyruvic Oligophrenia. (23034) 


Cxozo Miroma, RicHarp M. AULD AND SIDNEY UDENFRIEND 
(Introduced by A. Meister) 
Laboratory of Clinical Biochemistry, Natl. Heart Inst., N.I.H., Bethesda, Md., and Pediatric 
Department, Georgetown Hospital, Washington, D.C. 


In a previous communication(1) from this 
laboratory, it was reported that phenylalanine 
hydroxylase consists of 2 protein fractions; 
one of which (Fraction I) is present only in 
the liver and the other (Fraction II) in almost 
all tissues, including brain. 

Since patients with phenylpyruvic oligo- 
phrenia are essentially devoid of phenylala- 
nine hydroxylase activity (2,3,4), the question 
arises as to which, if not both, of the 2 frac- 
tions may be absent in this disorder. In the 
present communication, data are presented to 
show that Fraction II is present in phenylke- 
tonuric patients and some of the implications 
of these findings are discussed. 

Methods. Liver samples* from normals 
and phenylketonuric patients were obtained 
at autopsy, 4 hours after death, and kept in 
frozen state until use. Four grams of liver 
were thawed, minced and homogenized in 3 
volumes of isotonic KCl. Fractions I and II 
from both human liver and rat liver were 
prepared, as described previously(1); the 
terms, purified enzyme fraction and crude en- 
zyme fraction, used in the Tables, refer to 
terms used in that paper. The incubation 
conditions and the method for enzyme assay 
were also the same as used before(5). 

Results. As shown in Table I, conversion 
of phenylalanine to tyrosine was catalyzed 
upon recombination of rat Fraction I with rat 
Fraction II. In these studies combination of 
Fractions I and II of human liver, both nor- 
mal and phenylketonuric, failed to catalyze 
this reaction. This was apparently due to 


* The patient was a 2-year-old white female ex- 
hibiting characteristic chemical and clinical symptoms 
of phenylpyruvic oligophrenia. The normal liver, 
data for which are shown in Table II, was also ob- 
tained from a 2-year-old, white female. Another 
sample of liver was obtained from a 6-month-old, 
white male. The authors are indebted to Sister Fer- 
nandes of the Pathology Department of Georgetown 
Hospital for providing us with the autopsy samples. 


TABLE I. Presence of Fraction II in Phenylketo- 
nurie Liver. 


Enzyme pmole of 
preparations* tyrosine formed 

RI AO 
RIT 0 

RI + RII 44 

PI + PII 0 

PI + RII 0 

RI + PII .40 


* Purified enzyme fractions were used in these 
experiments. RI—Rat liver Fraction I, 13.5 mg/ 
beaker. RII—Rat liver Fraction II, 6.9 mg/beaker. 
PI—Phenylketonurie liver Fraction I, 17 mg/beak- 
er. PII—Phenylketonurie liver Fraction II, 15.8 
mg/beaker. 

+ Limit of detection of enzymatically formed 
tyrosine by the colorimetric method used was 0.05 
umole of tyrosine. 

All beakers contained 2 ymoles of L-phenylala- 
nine, 0.5 wmole of DPN, 5 umoles of nicotinamide, 
400 uwmoles of glucose, 325 units of glucose dehy- 
drogenase and enzyme fractions in final vol of 2.2 
ml. Incubation was carried out 15 min. at 37° in 
a Dubnoff metabolic shaking incubator under air. 
The data presented above represent typical values 
obtained after several experimental runs. 


failure of Fraction I, in normal liver, to sur- 
vive during the several hours of autolysis be- 
tween death and autopsy, since fresh human 
liver can catalyze this reaction(4,5). How- 
ever, stable Fraction IT survived under these 
conditions. Thus, when rat Fraction I was 
incubated with Fraction II from the phenyl- 
ketonuric liver, formation of tyrosine took 
place. Furthermore, as shown in Table II 
equal amounts of Fraction II, from both phe- 
nylketonuric and normal livers, catalyzed 
formation of tyrosine to the same degree, 
when they were combined with rat Fraction I. 

It is apparent from this that Fraction II is 
present in phenylketonuric livers in normal 
amounts indicating that in these patients the 
block in tyrosine formation is more likely as- 
sociated with absence of Fraction I. Unfor- 
tunately, the lability of Fraction I in the nor- 
mal autopsy samples made it impossible to 
show this directly. Similar studies on fresh 
biopsy material will be required to establish 
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TABLE II. Comparison of Fraction II Activity 
in Normal and Phenylketonurie Livers. 
Enzyme umole of 
preparations* — tyrosine formed 
RI 15 
RI + RII 98 
RI + NII 82 
RI + PII 81 
RI + P**II 15 


* Crude enzyme fractions were used. RI—Rat 
Fraction I, 26.6 mg/beaker. RII—Rat Fraction 
II, 10.8 mg/beaker. NII—Normal human Fraction 
II, 15 mg/beaker. PII—Phenylketonurie Fraction 
II, 15 mg/beaker. P**II1—Phenylketonurie Frac- 
tion II, heated 5 min. in boiling water bath, 15 
mg/beaker. 

Incubation conditions were as described under 
Table I. Similar results were obtained with NII 
from a second coutrol patient. : 


this point. Such studies are reported by Wal- 
lace et al., in the preceding paper(4). In 
that report as well as in this one, experi- 
mental findings on tissues from only one phe- 
nylketonuric patient are given. It would ob- 
viously be desirable to have these findings 
corroborated on more patients but liver sam- 
ples from phenylketonuric patients are not 
readily obtainable. 


Since the conversion of phenylalanine to 
tyrosine takes place only in the liver and 
Fraction I is found exclusively in this organ, 
the conclusion that Fraction I is the enzyme 
primarily concerned with the hydroxylation 
reaction seems justifiable. Fraction II which 
is found in many tissues, may then be looked 
upon as an enzyme concerned with an aux- 
iliary reaction, the nature of which is still not 
understood. Had Fraction II been missing 
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one might have inferred a disturbance in 
metabolism in many tissues, including brain. 
Since, as is suggested by these studies, Frac- 
tion I is absent, the primary defect in phenyl- 
ketonuria must be one of liver function. The 
chemical anomalies manifested in these pa- 
tients most probably result from failure to hy- 
droxylate phenylalanine, resulting in an ex- 
cess of phenylalanine in tissues and an over- 
production of other intermediary metabolites 
of phenylalanine catabolism. Suggestions 
that the mental deficiency is caused by an 
overproduction of one of these metabolites or 
by excess phenylalanine itself(6,7) are sup- 
ported by these enzymatic findings. 

Summary. Evidence is presented to show 
the presence of the stable Fraction II of 
phenylalanine hydroxylase in the liver of a 
patient with phenylpyruvic oligophrenia. The 
biochemical significance of this finding is dis- 
cussed. 


1. Mitoma, C., Arch. Biochem. and Biophys., 1956, 
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3. Udenfriend, S., and Bessman, S. P., J. Biol. 
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Resistance of Dissociants of Gaffkya tetragena to Penicillin and 


Streptomycin.* 


(23035) 


Hopart A. REIMANN AND ZuUNG-PaH Woo 
Kilmer Laboratory, Binghamton City Hospital, Binghamton, N. Y. 


The ability of bacteria to become resistant 
to antimicrobials presumably rests on a 
genetic basis. Current views on the matter 
are (a) a few originally resistant bacteria ex- 
ist as variants in any bacterial population and 
(b) dissociation toward increased resistance 
is induced by exposure to antimicrobials. In 
both circumstances the parent population 
dies and the resistant forms live to perpetuate 
growth in the presence of the drug. A third 
view (c) assumes that a gradual adaptive 
change occurs among bacteria whose progeny 
are more resistant than the parent strains. 


A convenient way to test these views is 
provided by Gaffkya tetragena whose numer- 
ous dissociants or variants are distinguishable 
by their colonial color and texture. In pre- 
vious studies, a strain derived from a patient 
grew in its usual S-form white colonies on 
agar. After many months of observation, its 
variant S-yellow, S-brown, S-pink and S-pink- 
yellow types, their respective M and R phases 
and a colorless translucent form were isolated. 
Reversions between types occurred and im- 
munologic relationships were demonstrated. 
Variation apparently developed by chance 
and could not be forced in any desired direc- 
tion (142). 


Methods. In preparation for this study, 
the same strain preserved for 20 years as 
6007 in the American Type Culture Collec- 
tion, was restudied. By applying methods 
previously used(1) only the mucoid-white 
and mucoid-pink colony type appeared after 
6 months of observation. Strain 10875 A.T. 
C.C. then was obtained and’ in the course of 
aging for 3 to 6 months at room temperature 
in broth and on solid agar, the S-yellow, S- 
brown, and a translucent form were isolated. 
For unknown reasons, variant colonies ap- 
peared among the S-white colonies and not 


* This investigation was supported by research 
grant, Nat. Microbiological Inst. 


as daughter colonies nor in sectors as previ- 
ously observed. Small colonies often ap- 
peared as usual among the usual large ones 
of all 6 forms. Subcultures of the large ones 
reproduced their kind; those of the small 
ones produced both large and small ones. 

Both stock strains seldom grew in concen- 
trations greater than .002 unit/ml penicillin, 
and of 0.3 unit/ml of streptomycin in broth. 
Growth in slightly higher concentrations or 
inhibition of growth by lower concentrations 
occurred at times, probably due to variations 
in density of the inoculum, age of the culture 
seeded, slight differences in dilution in media, 
in temperature and other variables. 

Serial subcultures were made at 24 or 48 
hour intervals in broth containing subsuppres- 
sive amounts (.001 unit/ml) of penicillin and 
of (.12 unit/ml) streptomycin. Because of 
poor growth in broth, passages then were 
made on agar-plates containing the same 
amounts respectively. The 6 types were 
seeded separately on sectors and transferred 
daily in heavy inoculums from plate to plate. 
Plates were incubated at 37°C for 12 hours 
and at room temperature for 3 to 6 days and 
examined for evidence of visible variation. 


Results. Penicillin. During 10 transfers of 
both stock strains on penicillin-agar, no dis- 
sociation was detected. Cocci grown in peni- 
cillin-broth or on penicillin-agar often were 
much larger than those in plain media. There 
also was no detectable dissociation or rever- 
sion, except of one type, among the variants 
separately transferred 10 times on penicillin- 
agar nor any evidence of increased resistance. 
Frequent appearance of a few white colonies 
among the brown ones indicated a reversion. 
In several resistance tests of the tenth pas- 
sage cultures, growth of the white, brown and 
translucent colonies was suppressed by con- 
centrations higher than .001 unit/ml and of 
the yellow and mucoid-white colonies, by .002 
unit/ml which was identical with the toler- 
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TABLE I. Increase of Resistance of Variants of G. tetragena to Streptomycin after Growth on 
Streptomycin-Agar. 


Streptomyein, U/ml 


10 5 2.5 1.2 6 3 15 Control 
Stock strain variants W ae + 3+ 
¥. ste 4- 3+ 
B # + 8+ 
M-W _- - ets + 3+ 
M-P - + 3+ 
ly - = of 3+ 
After 9 X on strep- W + + 
tomyein Bg = = et ahs ar 
B - + Ale 
M-W — es + = + + 
Se a a a Sane S 
T to + 
After 18 X on strep- W — — + + 2+ 
tomycin eye +, a 2+ 3+ 
B - ate ts 
M-W — — 2+ 38+ 3+ 
M-P a a + 3+ 3+ 


3+ to + indicates density of growth on agar plates after 12 hr at 37°C and 5 days at room 


temp. 
ance of the unpassaged cultures. In other 
words, resistance did not increase. 

Streptomycin. In similar serial passages of 
the stock strains and of their separate variant 
forms, now including the mucoid-pink type, 
on agar containing .12 then .25 unit/ml, no 
variation or reversion was detected, except for 
the usual appearance of a few white colonies 
among the brown. A test after the ninth 
transfer indicated increased resistance of all 
6 types as shown in the table. The translu- 
cent form was least resistant and died out 
later; the S-yellow, mucoid-white and mu- 
coid-pink types acquired the highest resis- 
tance. In previous studies the S-yellow type 
was more resistant than the others to adver- 
sity(2). 

Transfers were continued for 9 more pas- 
sages on agar containing 0.5 unit/ml. Cul- 
tures from the eighteenth passage revealed 
further increase in resistance of all forms ex- 
cept the brown, and especially of the yellow, 
mucoid-white and mucoid-pink. Small white, 
yellow, brown, mucoid-white and mucoid- 
pink colonies continually appeared among the 
respective usual large ones, and their toler- 
ance, surprisingly, was slightly greater by 
one-step higher concentration. In general, 
growth on agar containing subsuppressive 
amounts of streptomycin increased the resis- 


+ indicates growth of a few colonies only. 


tance of all types but not equally from about 
0.3 unit/ml to 0.6 to 10 units/ml. 

Comment. The limit of growth tolerance 
of G. tetragena strain 6007, to penicillin in 
amounts more than .002- unit/ml in our 
hands was much lower than that reported by 
Mock and Wynne who obtained growth on 
agar containing 2 units/ml(3). Resistance 
of a different strain to 125 units/ml was re- 
ported in clinical studies(4). In other tests, 
the tolerance of different strains ranged from 
.016 to .06 unit ml(5.) Evidently, the re- 
sistance of strains of G. tetragena, like certain 
other bacteria, varies greatly and perhaps dif- 
ferences in technic may account for some of 
the wide range. Mock and Wynne failed to 
induce increased resistance to penicillin, and 
succeeded to do so against streptomycin from 
0.5 unit/ml, initially to as much as 1000 
units/ml] after 4 serial transfers. In our ex- 
periments, induced resistance rose at most 
from 0.3 unit/ml to about 10 units/ml and 
to that degree only with the yellow and mu- 
coid-pink variants. 

We also were unable to increase the resis- 
tance to penicillin of the white type or of any 
of the variants derived from the 2 strains 
tested. After 9 and 18 passages on strepto- 
mycin-agar, resistance of each variant in- 
creased but to different degrees, greatest with 
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the yellow, mucoid-white and mucoid-pink 
types, least with the white and brown. There 
was no evidence of spontaneous or induced 
variation to account for significantly in- 
creased resistance or for the survival of one 
variant over another. However, Leidy and 
Alexander found that the incidence of resis- 
tant variants in cultures of H. influenzae 
varied from 1 to 1 billion to 1 to 14 billions 
organisms(6). It is possible in our experi- 
ments that some cocci were missed which 
might have had or developed resistance to 
penicillin or to streptomycin as great as that 
reported by others. 

Our observations lend support to views (a) 
and (b) mentioned previously to the extent 
that variant forms of the strains of G. tetra- 
gena tested can acquire more resistance to an 
antimicrobial, streptomycin in this case, than 
the parent white type. There was, however, 
no evidence that exposure to antimicrobials 
induced variation any more than other ad- 
verse growth conditions did(2). The ability 
of G. tetragena to dissociate, apparently by 
chance, may indeed provide means for its sur- 
vival in vitro if any new variant emerges and 
is able to grow better than the original form 
in the presence of an antimicrobial. 

The results of the tests favor view (c) as 
well. A gradual adaptation, without visible 
colonial changes, also took place allowing the 
development of unequal grades of resistance 
of each variant independently. 

In general, the observations agreed with 
those previously reported wherein dissocia- 
tion, more or less by chance, provided vari- 
ants hardier than the parent cocci(2). In 
addition, the gradual adaptive ability demon- 
strated against streptomycin suggests that 
either or both changes may enable G. tetra- 
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gena to continue growth in certain unfavor- 
able conditions. The magnitude of resistance 
developed by either method may be of thera- 
peutic significance. So far as is known, in- 
fection in man is caused by G. tetragena in 
its S-white colony type. The white type as 
noted here acquired resistance without evi- 
dent variation and this may account for the 
development of resistance as observed clini- 
cally(4). Type or phase variation rarely is 
detected during disease(7). 


Conclusion. G. tetragena, strains 6007 and 
10875, failed to acquire resistance to peni- 
cillin after repeated transfers in or on media 
containing it, nor did the procedure induce 
visible variation or reversion of the usual dis- 
sociant forms. Growth on streptomycin-agar 
increased the tolerance of each variant to 5 
to 30 times the original amount of strepto- 
mycin which may be of clinical significance. 
There was no evidence that variant forms bet- 
ter fitted than the original one to grow under 
new adverse circumstances were either in- 
duced or purposefully developed. The change 
seemed to be a gradual adaptive one. 
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Effect of Clipping on Body Temperature of Restrained and Nonrestrained 


Rats Exposed to Cold. 


(23036) 


R. G. BartLett, JR. AND P. BERNSTEIN 
Nat. Inst. of Arthritis and Metabolic Diseases, N.1.H., Bethesda, Md. and Dept. of Physiology, 
Howard Medical School, Washington, D.C. 


Small, lightly restrained mammals become 
rapidly and progressively hypothermic in a 
cold environment in which nonrestrained ani- 
mals maintain normal temperatures(1). From 
observations of many hundred rats, it has be- 
come obvious to us that piloerection is less in 
restrained hypothermic rats than in non- 
restrained controls. It was therefore reasoned 
that shaving restrained animals (where the 
less erected hair offers poor insulation) should 
not cause as great a fall in body temperature 
as in nonrestrained, usually normothermic, 
animals. If this were true, poor piloerection 
could be regarded as one cause of the hypo- 
thermia caused by restraint. 


Methods and materials. Forty adult (225- 
275 g) male Sprague-Dawley rats were di- 
vided into 4 experimental groups: 10 non- 
restrained, nonclipped; 10  nonrestrained, 
clipped; 10 restrained, nonclipped; and 10 
restrained clipped animals. Restraint was 
produced by, maintenance in loose fitting wire 
mesh cylinders flattened on the underside and 
closed at the ends. Clipping was as complete 
as possible with a conventional animal clip- 
per. Exposures were at 3° + 2°C and were 
2% hr in length unless falling body tempera- 
ture and death terminated the experiments 
earlier. Colonic temperatures in both control 
and restrained animals were obtained from a 
Thermister inserted for each measurement 7 
cm into the rectum. The body temperature 
determinations were not made on a definite 
time schedule. Thus, in Fig. 1, all the read- 
ings in the 0-25 min interval, 26-50 min in- 
terval, etc. have been averaged. 

Results. As observed in Fig. 1, removing 
hair from restrained animals resulted in a 
much lesser additional body temperature fall 
than a similar treatment of nonrestrained ani- 
mals. It therefore appears that the restrained 
rat becomes hypothermic at least partly as 
the result of an increased rate of heat loss per 
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FIG. 1. Effect of clipping on body temp. of re- 


strained and nonrestrained rats at 3° + 2°C. Body 
temp. determinations were as frequent as possible 
and therefore temporally random. For graphic 
presentations, data have been grouped by time in- 
tervals, 25 min. apart. The 51-100 min. interval is 
presented as a single point in the nonrestrained 
clipped animals. The precipitous body temp. fall 
of restrained clipped animals resulted in termina- 
tion of exposures at 125 min. 


unit body surface exposure. That this is not 
the sole cause of hypothermia seems clear 
from the observation (Fig. 1) that restrained 
clipped animals became more hypothermic 
than nonrestrained clipped animals. 
Increased convective heat loss in the re- 
strained struggling rat may be another factor 
in the hypothermia production. Also, the 
body temperatures of both clipped nonre- 
strained and clipped restrained animals fell 
the same per cent of the range between the 
temperature of the respective nonclipped con- 
trols and the environmental temperature. 
Thus, although these experiments are taken 
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as presumptive evidence that inadequate 
piloerection is one factor in the production of 
restraint hypothermia, other mechanisms can- 
not be excluded. 

‘Summary. Clipping of restrained rats re- 
sulted in a much lesser additional body tem- 
perature fall than a similar treatment of non- 
restrained animals. This is interpreted as 


supporting the hypothesis that the less erected 
hair of the restrained animal results in a 
greater rate of heat loss than the fully erected 
hair of the nonrestrained animal. 


1. Bartlett, R. G., Jr., Bohr, V. C., and Helmen- 
dach, R. H., Physiol. Zool., 1956, v29, 256. 
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Cytology and Hormone Content of Rat Pituitary Glands 


Following Adrenalectomy. 


(23037) 


Kari M. KNIGGE 
Department of Anatomy, School of Medicine, University of California at Los Angeles. 


The problem of the cellular source of corti- 
cotropin has been investigated most fre- 
quently in experimental animals by studying 
pituitary cytology after alteration of normal 
pituitary-adrenal gland relationship, accomp- 
lished by adrenalectomy, administration of 
pituitary extracts, corticotropin or adrenal 
cortical hormone. Because these experimental 
procedures influence also the secretion of hor- 
mones other than corticotropin(1-3), changes 
which occur in pituitary cytology should be 
interpreted not only in terms of the alteration 
produced in the secretion of corticotropin, but 
with respect to other pituitary hormones as 
well. The present investigation is an attempt 
to localize the site of corticotropin production 
by correlating cytological changes in the rat’s 
pituitary gland following adrenalectomy with 
alterations in content of several of the hor- 
mones elaborated by this gland. 

Materials and methods. Sprague-Dawley 
male rats weighing 200-250 g were bilaterally 
adrenalectomized and maintained on saline 
drinking water for 28, 56 and 100 days. 
Pituitary glands were investigated histologic- 
ally with Masson trichrome stain, the PAS, 
acid hematin and Bodian protargol methods 
as described previously(4,5). An average of 
1585 cells were counted in each gland in 
making differential cell counts from both tri- 
chrome- and protargol-stained sections. Pitui- 
taries of control rats and animals adrenalecto- 
mized for 100 days were assayed for their 


relative hormone content. Glands used for 
these analyses were either homogenized in 
saline and assayed the following day, or they 
were frozen in dry ice-acetone or liquid nitro- 
gen, lyophilized and stored in a deep freezer. 
In separate assays, using 22- to 26-day-old 
hypophysectomized female rats as recipient 
test animals, the relative content of gonado- 
tropins, thyrotropin and growth hormone was 
estimated by comparing ovarian and uterine 
weight and histology, thyroid weight and I**! 
uptake, and epiphyseal plate response(6) re- 
spectively. Recipient animals received a to- 
tal of 5 or 10 mg of pituitary tissue (wet 
weight) injected in divided doses over a 4-day 
period. Pituitary thyrotropin content of 6 
control and 6 adrenalectomized rats was as- 
sayed also according to Levey e¢ al.(7). One 
dosage level was employed, an amount of 
donor pituitary tissue equivalent to 1/50th 
of the gland weight, was administered intra- 
venously to 6 test animals for each pituitary 
gland assayed. Corticotropin content of the 
pituitary was measured by the ascorbic acid 
depletion test(8) with 3 dosage levels, accord- 
ing to Halmi and Bogdanove(9), being em- 
ployed in each assay. 

Results. Weight and cytology of pituitary 
glands. Pituitary glands of 193 adrenalecto- 
mized and 184 control animals were weighed, 
the mean weights 28, 56 and 100 days after 
adrenalectomy being 8.7, 9.3 and 11.1 mg re- 
spectively. Corresponding weights of glands 
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TABLE I. Relative Percent of Cell Types in Pituitary Glands of Adrenalectomized Male Rats. 
aea=»qoNt—*=wowww?woO9@sma@watTwOoO0WS OOOO 


: Group Acidophils B-Basophils 6-Basophils Chromophobes Argyrophils* 
Control 39.0 + 1.54 LS aed hy 5.3 4 
Adrx- 28 32.1 + 2.1 2.Ortal 3.6 == 33 61.7 + 3.4 4.24 .4 
- 56 38.6 + 1.7 LB Ene 3.8 + 1 56.4 + 2.1 Sidra eS 
-100 40.8 + 1.3 eibceee 4.0 e:3 55.1 + 4.0 2.94.2 


* "mW » Dp : aan ney e fs 5 7 ar Jeeta, 
Determined from FAA-Protargol preparations; others from Bouin-Masson preparations. 
t Determinations made from 8 pituitary glands in each group. Mean + stand. dev. 


TABLE II. Relative Gonadotropie, Thyrotropie and Growth Hormone Activity of Pituitary Glands of 
Control and Adrenalectomized Rats. 
—————————————————— 
Recipients (22-26-day-old hypophyseetomized female rats) 


Growth hormone 


Dose,* Gonadotropins 


~ 


Thyrotropin ———, 


mg donor : Thyroid, ieee Epiphyseal 

Donor pituitary No. Ovary,mg  Uterus,mg No. mg CoE Dat No. plate, u 
22 133426 33.8+ 8 38 +20 .05+.002 13 203411 

Control 5 6 §6.25+ .22 1.72 + .25 6 324 +13 
10 10. 28.2442 126+ 12 SienO. Olt Olle Sousa 4 5 O Sie ae I 
Adrx-100¢ 5 ENO se ahf alee a5) Ones oic=n 9 
10 14 19.8 + 2.8 96.5 + 8  4i84-s= 40) 1.73 se 210 % 4852 = 13 
100 ug GHS 6 302+ 9 

200” 8 348+ 11 


* Administered in divided portions for 4 days. 
prior to autopsy. 
Armour, Lot No. 285-183. 


from control animals were 8.8, 9.1 and 10.1 
mg. The relative percentages of cell types in 
pituitary glands of control and adrenalecto- 
_mized rats are summarized in Table I. In 
Masson-stained sections, acidophils did not 
exhibit notable alteration in relative number 
or appearance following adrenalectomy. Beta 
basophils, identified by their staining with 
aldehyde fuchsin, were reduced at 100 days 
after adrenalectomy to approximately one- 
half the number present in control glands. 
Delta basophils, whose cytoplasmic granules 
are colored by the light green component of 
the Masson stain, were not notably altered in 
number. At 56 days after adrenalectomy, 
hypertrophy of the delta basophils was no- 
ticeable, and there was present at 100 days 
some degree of vacuolization of these cells. 
Adrenalectomy produced a slight but consis- 
tent decrease in number of PAS-positive baso- 
phils, although the staining reaction of in- 
dividual cells varied considerably. Staining of 
acidophils by acid hematin for phospholipids 
was not altered from that observed in control 
glands. The relative number of argyrophilic 
cells declined progressively following adren- 


¢ Adrx-100 = Adrenalectomized 100 days. 
|| Mean + stand. dey. 


t A.D. =-Administered dose of I*4; 3 ye, 4 hr 
§ GH = Beef growth hormone, 


alectomy and at 100 days after operation was 
reduced to approximately one-half the num- 
ber present in control glands (Table I). 


Hormone content of pituitary glands. 
Growth hormone. Estimation of pituitary 
growth hormone content of control animals 
and animals adrenalectomized for 100 days 
revealed no difference between the two groups, 
injection of 5 or 10 mg of control or experi- 
mental pituitary glands producing similar epi- 
physeal plate responses (Table IT). Daily 
injection of 100 or 200 wg of growth hor- 
mone* produced epiphyseal plate responses 
approximately equal to that produced by ad- 
ministration of these amounts of pituitary tis- 
sue respectively. 


Thyrotropin. Pituitary thyrotropic hor- 
mone content, as measured by thyroid weight 
and radioiodine uptake in hypophysecto- 
mized test animals, was decreased 100 days 
after adrenalectomy (Table II). I'*! uptake 
produced by glands of adrenalectomized rats 
was significantly less than that produced by 


* Beef growth hormone, Armour, Lot No. 285-183, 
kindly supplied by Dr. Sanford L. Steelman. 
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TABLE III. Corticotropin Content in Pituitary Glands of Adrenalectomized Male Rats, As- 
sayed by the Adrenal Ascorbic Acid Depletion Test. 


Slope of ar, 
Mean response at indicated dose log-dose Limits of 
response Antilog error, 
Groups 1.25* 62 curve M of M SM [Pies 5) 
Control (6) t 30.18 20.2 15.0 25.1 
fey veces “94.2. 
PONS iat tak Sc 5611 3.640 .098 2.91-4.56 
Adrx-28t (8) 39.4 35.0 28.2 19.0 
(33.8-50.4) (22.0-38.8) (18.4-35.3) 
Control (6) 28.7 18.9 13.3 25.6 
= 23) (neo. 
(See Ney wee Veneta 53872 3.445 .091 2.79-4.25 
Adrx-56 (12) 42.4 32.6 27.1 25.5 
(33.0-44.6) (15.2-43.5) (14.2-33.0) 
Control (6) 28.2 19.8 11.8 29.2 
= 0-33.1 0-20.38 
Seg Mak aes a 3164 2.072.086 =—-:1.70-2.53 
Adrx-100 (9) 35.3 30.6 20.3 27.5 
(29.4-41.3) (18.6-34.4) (12.5-30.2) 
* Dose — % of donor pituitary/100 g recipient. t No. of pooled pituitaries. PAdrx 


Adrenalectomized 28, 56 and 100 days. 


§ Response = Mean of difference between ascorbic 


acid in left and right adrenal of recipients, expressed in % of concentration in left adrenal. 


|| Range, with 6 test animals in each instance. 


control pituitaries (P —<0.05 at both 5- 
and 10-mg dosage levels). The mean thyro- 
tropin content of 6 control pituitary glands 
assayed by the method of Levey e¢ al.(7) 
was 83 myu/mg, while that of 6 animals 
adrenalectomized for 100 days was 39 mp/mg. 

Gonadotropin. Pituitary glands of adrenal- 
ectomized rats produced significantly less 
ovarian weight (P =<0.01) and less uter- 
ine weight (P =<0.05) than did those of 
corresponding control animals (Table IJ). 
Ovarian histology of recipient test animals 
revealed no qualitative difference in action of 
gonadotropins from control and experimental 
glands, both stimulating follicular growth 
without corpora lutea formation and repair- 
ing the interstitial tissue (“cartwheel’’ chro- 
matin of the nuclei) to approximately the 
same degree. 

Corticotropin. Adrenalectomy led to a 2- 
to 314-fold increase in pituitary corticotropin 
content (Table III). After removal of 
adrenal glands, there occurs an initial drop in 
pituitary corticotropin content(10), followed 
by a rise to normal content in 7 days(11), 
and continued increase thereafter to 2-3 times 
the normal content 21 days after adrenalec- 
tomy(12). Results indicate that maximum 
corticotropin content is reached at 28 or 56 
days after adrenalectomy and may decline 


somewhat at 100 days. 

Discussion. Results of our study offer sev- 
eral correlations between changes in cytology 
and hormone content following adrenalec- 
tomy. The observations of an apparent nor- 
mal growth hormone content of the pituitary 
gland of adrenalectomized rats correlated with 
a normal relative number of acidophils may | 
add additional evidence in favor of this cell 
as the source of growth hormone. Because 
other pituitary hormones (corticotropin, thy- 
rotropin) may exert antagonistic or syner- 
gistic effects upon growth hormone in this 
method of assay, some caution must be exer- 
cised in interpreting the results produced by 
administration of whole pituitary extracts. 

The observation of a decrease in thyrotro- 
pin store of the pituitaries of adrenalecto- 
mized animals together with a fall in number 
of aldehyde-fuchsin staining beta basophils, 
adds to the increasing evidence that this cell 
is the secretor of thyrotropin. 

The PAS-demonstrable glycoprotein gran- 
ules of delta basophils are considerd to rep- 
resent the gonadotropic hormones(13). 
Knigge(5) has presented evidence indicating 
that fluctuations in gonadotropic hormone 
content of the pituitary are: (a) reflected also 
by changes in certain silver-staining (argyro- 
philic) cells in the pars distalis; and (b) that 
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these “argyrophilic cells” are probably iden- 
tical with delta basophils, stained by a pro- 
cedure in which certain cytoplasmic granules 
are blackened with silver. With the protargol 
silver method, the reduction in silver-staining 
granules of delta basophils after adrenalec- 
tomy correlated with the observed fall in 
gonadotropin content of the pituitary. 


In considering the cellular source of corti- 
cotropin, the following observations are per- 
tinent: (1) corticotropin was the only hor- 
mone whose content was increased in the 
pituitary after adrenalectomy; and (2) delta 
basophils, as revealed by the Masson method, 
were the only cells which showed cytological 
signs of increased activity. Increased titers 
of corticotropin are present in blood following 
adrenalectomy (11), suggesting that the pitui- 
tary is secreting as well as storing more of 
this hormone. These facts, together with the 
other data presented in this study, contribute 
to the conclusion that the delta basophil is the 
site of corticotropin production. It is felt, 
however, that the cytoplasmic granules of 
delta basophils, as revealed in Masson prepa- 
rations, do not per se reflect corticotropin con- 
tent of the cell. In acute or short-term ex- 
periments, no satisfactory single staining pro- 
cedure is currently available for detecting 
changes in activity of delta basophils as re- 
lated to corticotropin secretion. 


Summary. 1. Adrenalectomy produced no 
significant change in weight of rat’s pituitary 
gland. Cytologically, beta basophils de- 
creased in number progressively while acido- 
phils were not altered in number or appear- 
ance. The relative per cent of delta basophils 
was unaffected, but these cells were hypertro- 
phied and exhibited some vacuolation 56 and 
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100 days after adrenalectomy. The silver- 
staining capacity of delta basophils, as re- 
vealed with protargol, was markedly reduced. 
2.Gonadotropic and thyrotropic hormone con- 
tents of pituitary were decreased after adren- 
alectomy, while the corticotropin content was 
elevated 2- to 3-fold. No difference in growth 
hormone content was found when whole pitui- 
taries were analyzed by the epiphyseal plate 
test. 3. Correlations between pituitary cy- 
tology and hormone content of the gland sug- 
gest that the delta basophil is the source of 
corticotropin. 


Appreciation is expressed to Dr. Harold Levey for 
the thyrotropin assay according to Levey, Cheever 
and Roberts (1956). 
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Effect of Vit. E-Deficiency on Free Amino Acids of Various Rabbit Tissues.* 
(23038) 


L. C. Smiru aNp S. R. Netson (Introduced by E. H. Shaw, Jr.) 
Department of Biochemistry, School of Medicine, University of S. Dakota, Vermillion. 


Roderuck(1) demonstrated that the glu- 
tamine content of skeletal muscle of dystro- 
phic guinea pigs was reduced from that of 
muscle of control animals, whereas the con- 
tent of non-glutamine amino acids was un- 
changed. Vit. E-deficient rabbits showed less 
marked differences. Tallan(2) reported that 
in severe dystrophic rabbit, the levels of most 
free amino acids in muscle extracts were ele- 
vated except for concentration of glycine 
which was markedly reduced, even in early 
stages of the disease. In contrast to this find- 
ing, Dinning et al.(3) were unable to show 
any consistent effect of vit. E-deficiency upon 
concentration of free glycine of muscle or 
liver. It seemed, therefore, desirable to re- 
solve these differences as well as to determine 
what effect, if any, the dystrophic condition 
had on concentration of free amino acids of 
tissue other than muscle. Since it may be 
presumed that free amino acids constitute a 
major source of the protein building blocks of 
tissue, the concentration of free amino acids 
of atrophied muscle, as well as that of sup- 
posedly unaltered organ tissue from a dystro- 
phied animal, should be of considerable in- 
terest. The studies here reported describe 
the concentration of 9 free amino acids in 
liver, kidney, heart, spleen, brain, and muscle 
of normal and vit. E-deficient rabbits. 

Methods. Four male rabbits weighing 1250 
g to 1475 g were fed the dystrophy producing 
diet of Goettsch and Pappenheimer(4) while 
2 litter mates consumed an adequate diet. 
Creatine was determined by the method of 
Folin(5) and it was noted that those animals 
on the deficient diet exhibited a slight creatin- 
uria within 3 weeks, while controls showed 
none. The onset of dystrophy was considered 
to have started when creatine excretion rose 
rapidly, ‘consequently when this point was 


* This investigation was supported by research 
grants, Nat. Cancer Inst., P. H. S. and Am. Cancer 
Soc., S. Dakota Division. 


reached, the 6 animals were sacrificed. "Two 
animals showed a severe dystrophy as evi- 
denced by respiratory difficulty, and inability 
to right themselves after being placed on 
their sides. The other 2 deficient animals had 
less pronounced outward symptoms as well as 
lower degree of creatinuria. Thus these two 
sets of deficient animals would compare with 
early and severe dystrophy animals described 
by Tallan(2). As soon as animals were sac- 
rificed, samples of tissue were immediately 
homogenized with a Teflon pestle in distilled 
water. Aliquots of the homogenate were re- 
moved to determine dry weight of tissue, and 
the remainder was treated with 10% trichloro- 
acetic acid to remove the proteins. After re- 
moval of acid with ether, the resulting solu- 
tion was concentrated im vacuo. Quantitative 
determination of the amino acids was then 
made by Dowex-50 chromatography as pre- 
viously described(6). 


Results. Distribution of free amino acids 
in various tissues of normal and dystrophic 
rabbits is shown in Table I. The values are 
expressed as mM/100 g dry tissue, and repre- 
sent the average of tissues from 2 rabbits, ex- 
cept where noted. The results listed in Table 
I show that muscle and heart of severely dys- 
trophic animals had a general increase in con- 
centration of free amino acids with the excep- 
tion of taurine and glycine. The same results 
were also evident in mildly dystrophic ani- 
mals although the differences were not as 
pronounced. On the contrary, Table I demon- 
strates that brain homogenates of severely 
dystrophic animals exhibited a general de- 
crease in concentration of free amino acids, 
especially of serine. Only ethanolamine phos- 
phate and glutamic acid displayed a slight in- 
crease. This same trend was also evident 
in the brain of mildly dystrophic animals. 
Kidney homogenate of dystrophic animals 
likewise evinced a decrease in certain amino 
acids, viz: ethanolamine phosphate, serine, 
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TABLE I. Free Amino Acid Concentrations of Tissues from Normal and Vit. 
Amino acid 


Asparti¢ acid 
Threonine 


Ethanolamine 
Serine 
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0 
2 
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ans S| 
+1 Ht + alanine, and glycine. Only threonine showed 
_ % > a a distinct increase. Table I indicates that 
spleen homogenate showed a general increase 
2 > 2 % in concentration of most amino acids, only 
seth erat glycine exhibited a significant decrease. Liver 
| homogenate manifested an increase in ethan- 
2 4 © = olamine phosphate and taurine, with only 
441 414 alanine and serine showing pronounced de- 
A oe © | CECASeS: 
SH HA 
er Discussion. Perhaps the most important 
etn Se point to be made from these experiments is 
4 41 tH that vit. E-deficiency in rabbits led to a 
Sass marked reduction in free glycine in 5 of the 
eee gl 6 tissues examined. Only liver showed a 
OW slight increase in glycine. Tallan found simi- 
er ‘i 4 | lar results in dystrophic muscle, viz. a de- 
beanaehcen crease in free glycine of muscle approximat- 
ener ing 46% as compared to our value of 42%. 
These results therefore differ from Dinning 
54% oS | et al.(3) who demonstrated a slight increase 
Poe aki in glycine of vit. E-deficient rabbit muscle. 
Serine, a known precursor of glycine, was 
| markedly reduced in the kidney, liver, and 
KSes especially the brain. 
a a a i | It has been shown(7) that there is an in- 
aoe | creased turnover rate of nucleic acids in vit. 
ee E-deficient animals. Dinning e¢ al.(3) have 
SS Se also demonstrated that vit. E-deficiency led 
oI 4 i a to greatly increased incorporation of formate- 
pon C™ into nucleic acid purines, but resulted in 
| a decreased incorporation of glycine-(1)-C'™ 
HSss into purines. These results were explained 
+1 +1 + on the basis of an exchange reaction of the 2 
bs Sees a position of the purine ring without complete 
oe oO degradation of the molecule. Inasmuch as 
Sees only the alpha carbon of glycine has been 
cee oe te shown to be a precursor of formyl fragments, 
Sate | the work of Dinning ef al.(3) does not ex- 
7 - clude the possibility that glycine is contrib- 
era uting its methylene carbon to the 2 position 
cutis a eo ga of the purine ring since the C™ of their in- 
SASH jected glycine molecule was not located in the 
es Re 2 methylene portion. 
& i f . = Our data suggest that perhaps glycine, as 
core |'d well as its precursor serine, may be acting as 
Paras s E the main source of the formyl fragment. This 
= 3 would tend to deplete these two amino acids 
y = from the various metabolic pools. The pos- 
za 2 2? 5 sibility also exists that there is an accelerated 
S331 rate of protein breakdown to furnish the 
ee epics 
ey (oy ihe 
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needed glycine. It is of interest that Wein- 
stock et al.(8) have recently shown proteo- 
lytic activity of muscle from vit. E-deficient 
rabbits to be increased. This could account 
for the observed increase in other free amino 
acids of dystrophic muscle. 

On the basis of these observations, it is 
concluded that vit. E-deficiency in rabbits is 
characterized by a distinct pattern change in 
the free amino acid levels of various tissues. 
The decrease in glycine suggests that it is in 
some unknown way implicated in the dystro- 
phic state. 

Summary. 1. Concentration of free amino 
acids from 6 tissues of normal and vit. E- 
deficient rabbits has been determined by 
Dowex-50 chromatography. 2. There was a 
general increase in free amino acids of mus- 
cle, heart, spleen, and liver of dystrophic ani- 
mals. Only glycine and serine were mark- 
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edly reduced. 3. Kidney and especially — 
brain showed a general decrease in free amino — 
acids. 4. Concentration of glycine was more 
consistently reduced in various tissues than 
other amino acids. 
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Comparative Androgenic and Anabolic Effects of Several Steroids. (23039) 


FRANCIS J. SAUNDERS 


AND Victor A. DRILL 


Division of Biological Research, G. D. Searle & Co., Chicago, IIl. 


The common androgens, testosterone pro- 
pionate and methy] testosterone, produce ana- 
bolic as well as androgenic effects(1,2). In 
man, the androgenic activity frequently limits 
the use of these compounds as anabolic agents. 
Attempts to increase relative anabolic po- 
tency have led to development of methyl an- 
drostenediol(3) (Methostan, Methandriol), 
androstanolone(4) (Neodrol, Stanlone) and 
17 - ethyl - 19 - nortestosterone(5) (Nilevar). 
The present study was underaken to compare 
the anabolic and androgenic potencies of 
these newer agents with testosterone propi- 
onate, methyl testosterone and unesterified 
testosterone. 

Materials and methods. The method used 
was that of Eisenberg and Gordan(6). The 
rats were castrated at 23-25 days of age. 
Starting 3 weeks later, the compounds dis- 
solved in corn oil, were administered intra- 
muscularly daily for 7 days. Testosterone, 
testosterone propionate and methyl testoster- 


one were compared with methyl androstene- 
diol, androstanolone and 17-ethyl-19-nortes- 
tosterone. Eight rats were used at each dose 
level and total doses of 0.02 to 5 mg per rat 
were administered. A total of 432 rats was 
used; of these, 88 served as oil-treated con- 
trols. Gains in body weight, as well as ter- 
minal weights of the seminal vesicle and ven- 
tral prostate glands and levator ani muscles, 
were examined and compared with these pa- 
rameters in controls autopsied at the same 
time. The regression lines shown in Fig. 1 
were calculated by the method of least 
squares using only those values at and above 
the minimal effective range. 

Results. Anabolic effects. Increase “in 
weight of the levator ani muscle was used as 
a measure of anabolic activity. In Fig. 1, the 
differences between weight of this muscle in 
the treated animals and in controls run at 
the same time are plotted against the log of 
the dose. Marked anabolic responses were 
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FIG. 1. Responses of seminal vesicles (open circles) and levator ani muscles (solid circles) of 

castrated male rats to graded doses (log scale) of various steroids. Each point is the difference 

between avg organ weights of a group of 8 treated animals and controls run simultaneously. 

Regression lines were calculated by the method of least squares from those values which showed 

a significant increase over the controls. Solid lines indicate androgenic potency while broken 
lines represent anabolic effects. 


obtained with testosterone propionate, 17- 
ethyl-19-nortestosterone, and androstanolone 
while curves for testosterone and methyl tes- 
tosterone exhibited a more gentle slope. 
Methyl! androstenediol was much less active 
than the other compounds. 

Body weight. Overall gain for the 88 con- 
trol animals was 36 g during the week of 
treatment. Groups of 8 animals each showed 
average gains ranging from 31 to 41 g. In 
general, doses of these steroids which caused 
significant increases in levator ani muscle 
weight also caused gains in body weight in 
excess of the gains seen in the controls. With 
8 animals per group these increased gains 
were not always statistically greater than the 
controls. The pooled results at anabolic dose 
levels are presented in Table I. Significantly 
increased gains in body weight were obtained 
with testosterone, testosterone propionate, an- 
drostanolone and 17-ethyl-19-nortestosterone. 


Although the table does not show a signifi- 
cant increase with methyl testosterone, at the 
5 mg dose level the increase obtained with this 
compound was significant. The data on me- 
thyl androstenediol are from a single group 
of rats and no increased gain was obtained 
with this compound at the doses used. 
Androgenic activity. Relative androgenic 
potencies of these steroids are also depicted 
in Fig. 1. Testosterone propionate was by 
far the most potent androgen studied and its 
androgenic effect, as measured by increase in 
seminal vesicle weight, far exceeded anabolic 
response, as indicated by increase in the 
weight of the levator ani muscle. With tes- 
tosterone, methyl testosterone, and andros- 
tanolone androgenic and anabolic responses 
to a given dose, as shown by these parameters, 
were reasonably close together. However, it 
will be noted that methyl androstenediol 
showed little androgenic or anabolic activity 
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TABLE I. Effects of Various Steroids on Gains in Body Weight in Castrated Rats. 
Dose range, Mean body Mean diff. from 
mg No. of rats wt, g control, g t 
Control 88 35.58 : a 
Testosterone propionate .2-5. 40 41.90 6.32 1006 5.96 
Testosterone Ie i) 23 42.43 6.85 seMioale 5.23 
Methyl testosterone Ihe <8), 24 37.54 1.96 = ee ee 
Methyl androstenediol 5. 8 34.25 =1.38 er 2.06 jee 
Androstanolone 5-5. 31 42.51 6.93 = 1.17 Be 
17-Ethy1-19-nortestosterone 2-5. 40 39.42 3.84 + Uo, 3.62 
este stand. error. 
TABLE II. Androgenic and Anabolic Responses to Various Steroids in Castrated Rats. 
DSSS eee 
Total dose (mg) required Potency relative to 
to produce testosterone pro- Potency 
100% in- 50% in- pionate (%) ratio, ana- 
crease in crease in Andro- bolic¢/an- 
Compound sem. ves. wt ley. ani wt genic Anabolic drogenic 
Testosterone propionate 073 26 100 100 1.00 
Testosterone 21 1.00 35 26 74 
Methyl! testosterone 30 1.00 24 26 1.08 
Methyl androstenediol 1.6 3.65 5 7 1.58 
Androstanolone ee 45 30 58 1.93 
17-Ethy1-19-nortestosterone 1.10 25 7 104 14.85 


while 17-ethyl-19-nortestosterone had marked 
anabolic activity combined with a low andro- 
genic potency. Increases in the weights of 
the ventral prostate glands were similar in 
degree to the changes in seminal vesicle 
weights so the data are not presented here. 
These effects on the ventral prostate confirm 
the conclusions regarding relative androgenic 
potency of these steroids. 

Discussion. Hershberger e¢ al.(7)  pro- 
posed the anabolic ratio as a measure of de- 
gree of separation of anabolic and andro- 
genic effects. They used smaller rats and 
calculated androgenic effect from the weight 
of the ventral prostate gland. With our older 
rats it was observed that this ratio was fairly 
constant only when the organ responses were 
marked, that is, when increase over the con- 
trols was at least 20 mg. 

From Fig. 1 the doses required to produce a 
100% increase in seminal vesicle weight (to 
20.2 mg) and a 50% increase in levator ani 
weight (to 97.0 mg) were calculated. The 
potency relative to testosterone propionate at 
these points was determined (Table II). 
From these data, the anabolic/androgenic ra- 
tio was calculated. Since the slopes of the 
various lines differed, the calculated ratios in 
Table II hold only for this set of conditions. 


Slight separation of anabolic and androgenic 
effects was obtained with androstanolone, 
which gave a ratio of 1.9:1 and methyl-an- 
drostenediol with a ratio of 1.6:1, while 17- 
ethyl-19-nortestosterone showed a much 
greater separation with a ratio of 15:1. 
Gordan et al.(8) reported that methyl an- 
drostenediol had an anabolic potency equiva- 
lent to that of methyl testosterone but that 
it produced androgenic effects only at ex- 
cessively high doses. Hershberger e¢ al.(7) 
found this compound to have only 5% the 
anabolic potency of testosterone propionate 
with no separation of activities. Barnes ef 
al.(9), using younger rats than were studied 
in the current report, and treating for a 
ionger period, found that methyl androstene- 
diol had an androgenic potency of 2.1% anda 
myotrophic potency of 2.2% compared to tes- 
tosterone propionate giving a ratio of 1. From 
our results corresponding values of 7.1 and 
4.5% were obtained, with a ratio of 1.6. 
These results agree with those of Barnes e¢ al. 
rather than with those of Gordan et al. Hen- 
derson and Weinberg(10) found that when 
administered subcutaneously in rats, using 
the seminal vesicles as the end point this com- 
pound was about % as androgenic as testos- 
terone, but its effect on the capon comb, after 
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parenteral administration, was only 2% that 
of testosterone. 

Kochakian(2) reported that androstano- 
lone was about as androgenic as testosterone 
propionate in castrated mice. He used a very 
limited number of doses. The renotropic ef- 
fects of the two compounds were also similar. 
Barnes et al.(9), using rats, calculated a myo- 
trophic potency of 21.8% and an androgenic 
potency of 13.2%, thus giving a ratio of 1.6. 
Again our corresponding figures are slightly 
higher or 58% and 30% respectively, but the 
ratio is similar, 1.9. Barnes ef al. also re- 
ported that the cyclopentyl-propionate of 19- 
nortestosterone was about 1.5 times as potent 
as testosterone propionate as an anabolic 
agent and ascribed to it an anabolic/andro- 
genic ratio of 9.3. Our results show 17-ethyl- 
19-nortestosterone to have a myotrophic po- 
tency of 104% and an androgenic potency of 
only 7% giving an anabolic/androgenic ratio 
of 15, thus showing the widest separation of 
effect hitherto reported. 

Summary. The androgenic and anabolic 
effects of testosterone, testosterone propionate, 
methyl testosterone, methyl androstenediol, 
androstanolone and 17-ethyl-19-nortestoster- 
one (Nilevar) were compared. The greatest 
androgenic responses were obtained with tes- 
tosterone propionate while the most marked 
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anabolic effects were observed with either tes- 
tosterone propionate or 17-ethyl-19-nortestos- 
terone. Compared to testosterone propionate, 
methyl androstenediol and androstanolone 
showed a small increase in the anabolic: 
androgenic potency ratio but a much more 
marked increase was observed with 17-ethyl- 
19-nortestosterone. 
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Effects of Age, Castration and/or Steroids upon Hematocrit in Male Rats.” 


(23040) 


Jerome A. Grunt, Wittiam H. KNIsELyt AND ROGER J. BERRY 
(Introduced by J. W. Everett) 
Departments of Anatomy and Medicine, Duke University School of Medicine, Durham, N.C. 


The effects of age, castration and steroids 
on the blood of male rats have been studied 
previously. It has been reported(1) that 
hemoglobin content rose from 50th to 150th 
day of life. Several investigators(2-4) have 
shown that gonadectomy causes mild, tran- 


* This investigation was supported in part by re- 
search grant from Duke University Council on Re- 
search. 

+ This work was done during tenure of Research 
Fellowship of Am. Heart Assn. 


sient anemia; these workers and others(2-7) 
reported that this anemia could be repaired 
by subcutaneous injections of androgen. Es- 
trogen has been reported to have a moderate 
(4) or no(7) effect on male rat blood. A 
recent review article discusses erythropoietic 
stimuli in additional species(8). 

The micro-method of Strumia, Sample and 
Hart(9) permits hematocrit determinations 
with very small amounts of blood. thus aliow- 
ing multiple determinations on a single ani- 
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TABLE I. Group Organization and Data. 

Group No. us padi 4 
No. Treatment Age (days) animals ematocri 
> . Bly f 4t 

Intact animals, untreated 54- 73 m65 * 22 45.24 . 

iI i, tlaen 74-107 m 83.5 22 49.3 5 

III Castrates otherwise untreated 74-102 m 85.9 22 45.324 .6 

IVa Self- controls, before castration 60- 87 m73 16 46.3 .7 

IVb , 14 days after castration 74-101 m 87 16 42.4 + 1.0 

We Castrates inj. with sesame oil alone 77-102 m 87.7 8 47.3 + 1.7 

VI Castrates inj. with sesame oil containing 75-108 m 90.1 10 DON a= ea.6 
500 wg testosterone propionate 

Vil Castrates inj. with 500 wg aqueous testos- 89- 97 m 92.9 5 49.0 + 1.6 
terone 

VIII Intact, inj. with sesame oil alone 77-102 m 84.4 U DING eens) 

Ix Intact, inj. with sesame oil containing 76- 84 m 81.2 10 51.3 + 1.4 
500 ug testosterone propionate 

x Intact, inj. with sesame oil containing 76- 90 m 82.1 12 48.5 + 1.6 
50 wg estradiol benzoate 

XI Castrates inj. with sesame oil containing 76-101 m 86 7 46.84 .6 
50 wg estradiol benzoate 

XII Neonatally castrated animals, otherwise 84-111 m 96 15 50.9 = 1.0 
untreated 

*m— mean. t Stand. error of mean. 
mal. Using this method we investigated the categories when possible. In a group called 


effects of age, castration and/or steroids upon 
hematocrits of male rats. 

Materials and methods. Male rats of 1lo- 
cally inbred Osborne-Mendel strain were 
utilized. Hematocrits were done on blood 
from cut terminal tail veins or small femoral 
tributaries. The capillary tubes were held 
nearly horizontal and one end placed in freely- 
flowing blood. One drop of blood fills 4 
tubes, and very little blood was lost in deter- 
mining an hematocrit. Tubes were centri- 
fuged at 17,500 rpm for 2 minutes and read 
on a Drummond microhematocrit reader. The 
average of a set of 2-6 individual capillary 
tubes was considered to be the hematocrit; 
140 hematocrits were thus calculated from 
530 individual tubes. There was very little 
spread among individual tube values; in 18 
sets the extreme variation was more than 2.5 
points, in 75 sets the extreme variation was 
from 2.5 to 1, and in 47 sets the extreme vari- 
ation was 1 point or less. Twelve groups of 
animals were studied, based upon age and/or 
treatment. The groups included intact rats 
of different ages, animals castrated at differ- 
ent ages, intact and castrated animals in- 
jected with sesame oil (S.O.) alone, or with 
S.O. containing hormones,} and castrated ani- 
mals injected with a water-soluble testoster- 
one.’ Litter mates were placed in different 


self-controls, hematocrits were determined at 
castration and again 14 days later. Animals 
castrated within first 24 hours of life are 
called neonatal castrates. Those castrated as 
adults are referred to as castrates; in these 2 
weeks elapsed between gonadectomy and on- 
set of injections. When injections were made, 
0.5 cc of fluid was given subcutaneously on 
7 consecutive days. Specific treatment of 
each group is indicated in Table I. Mean 
hematocrits were calculated for each group, 
comparisons made between groups, and data 
analyzed by paired-group method with deter- 
mination of >, d?; the level of significance was 
obtained from the Table of probability(10). 


Results. Table I presents the groups, their 
age ranges, mean ages, number of animals in 
each, mean hematocrit values and standard 
errors of the means. 

The hematocrit increased with age; mean 


{ Testosterone propionate was Supplied bye Gia 
Pharmaceutical Products, Inc. Estradiol benzoate by 
Schering Corp. 

§ Water-soluble testosterone, 17-8, diethylamino- 
ethyl-carbonate hydrochloride was synthesized by 
Ciba Pharmaceutical Products, Inc. and supplied 
through the generosity of Dr. C. H. Sullivan. An 
additional amount was generously supplied by Dr. 


Albert Segaloff of Alton Ochsner Medical Founda- 
tion. 
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in older Group II was significantly higher 
than in younger Group I (P<.01). 

Castration depressed the hematocrit; mean 
of untreated castrates, Group III, was sig- 
nificantly lower than that of intact Group II 
(P<.01). In self-controls, Group IV, the 
mean after castration was lower than prior to 
gonadectomy (P<.01). 


Both androgens restored the hematocrit 
after castration, the mean of castrates in 
Group VII, injected with water-soluble testos- 
terone, was significantly higher (P<.01) 
than that of untreated castrates in Group III 
and not significantly different from that of in- 
tact animals in Group II. The mean of Group 
VI, castrates injected with testosterone pro- 
pionate in S.O., was not significantly different 
from that of intact animals in Group II or 
intact animals given S.O. alone, Group VIII. 

The hematocrit of neonatal-castrates, 
Group XII, was not significantly different 
from that of intact adults in Group II, and 
was significantly higher than that of cas- 
trates, Group III (P<.01). 

It is uncertain whether S.O. alone caused 
an increase in the hematocrit. The mean in 
intact animals of Group VIII given S.O. is 
higher than tHat in untreated Group II 
(P<.05) and the mean of Group V, castrates 
given S.O., is higher than that of untreated 
Group III, but not significantly. 

Discussion. Within the 50-115 day life 
span in these experiments, the hematocrit of 
intact male rats increased with age. These 
results parallel a reported rise in hemoglobin 
from 50th to 150th day(1). 

The hematocrit response following castra- 
tion and subsequent androgen therapy con- 
firms previous findings(2-7). The approxi- 
mate 4-point fall after castration in self- 
controls is especially significant in light of 
predictable increases suggested by the results 
in Groups I and II. 

In both intact and castrated groups treated 
with estradiol benzoate mean hematocrits 
were lower than corresponding untreated 
groups, although the differences were statis- 
tically non-significant. These results parallel 
Korenchevsky and Hall’s(7), who found that 
estradiol benzoate-butyrate ester did not alter 
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hematocrits of castrated males. However, it 
has been reported that estrogen caused a drop 
in red cell volume(4). 

No reference was found regarding hema- 
tocrits of adult neonatally castrated rats. 
Hematocrits of these neonatal castrates, taken 
at 84-111 days, were not significantly differ- 
ent from those of intact animals and were 
thus significantly higher than those of ani- 
mals castrated as adults and examined 14 
days later. These results may confirm Kor- 
enchevsky and Hall’s findings(7) that 100- 
150 days after castration hematocrits did not 
differ from those of intact animals. These 
findings of Korenchevsky and Hall and our 
own, may indicate secretion of extragonadal 
androgen. 

There was a tendency for both intact and 
castrated animals injected with S.O. alone to 
have higher hematocrits than their controls. 
These results are equivocal but interesting be- 
cause S.O. is frequently employed as a vehicle 
for hormones, and because other androgen- 
like activity of S.O. has recently been re- 
ported(11). 

Summary and conclusions. 1. Some of our 
results confirm previous findings: hematocrits 
of rats castrated as adults are lower than 
those of intact animals; testosterone propion- 
ate returned hematocrits to normal after cas- 
tration, but did not cause elevation in hema- 
tocrits of intact or castrated animals above 
normal. Estradiol benzoate did not signifi- 
cantly lower hematocrits of intact and cas- 
trate rats. 2. Other findings are new: hema- 
tocrits of neonatally castrated adult rats were 
not significantly different from those of in- 
tact adults of the same age, and thus differed 
from those of animals castrated as adults and 
examined 14 days later. Aqueous testoster- 
one returned the hematocrits of castrates to 
normal. There was a trend in both intact and 
castrates for sesame oil to increase the hema- 
tocrit. Because sesame oil is widely used as 
a supposedly neutral vehicle for hormones, 
the possibility that it has an effect upon the 
hematocrit warrants further investigation. 
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Relation Between P-Aminohippuric Acid Synthesis and Amino Acid 


Incorporation into Protein.* 


H. BurLincTont 


(23041) 


(Introduced by William D. Lotspeich) 


Department of Physiology, State University of N. Y. Medical College, Syracuse, N. Y. 


Systems carrying out synthesis of “pep- 
tidic” links, as in formation of hippuric acid, 
glutamine, glutathione, and pantothenic acid, 
are considered useful models for the study of 
peptide formation because of their accessibil- 
ity and relative simplicity. These reactions 
have yielded useful information about pos- 
sible steps leading to peptide bond formation 
and have provided a basis for a working hy- 
pothesis of protein biosynthesis(1). The 4 
“model” systems have at least two things in 
common; namely, carboxyl activation and 
utilization of energy of one of the pyrophos- 
phate linkages of ATP. It appeared worth 
while to determine whether a change in en- 
docrine environment affecting peptide synthe- 
sis would influence protein’ formation in a 
qualitatively similar fashion. To answer this 
question it was decided to study the “PAH 
synthetase” system described by Cohen and 
McGilvery (2-4) while simultaneously study- 
ing the rate of protein synthesis. Response of 
each of these parameters to an evoked change 
in one of them provides the basis of this re- 
port. Measurement of rate of uptake of iso- 
topically labelled amino acids into the pro- 


* This investigation was supported in part by re- 
search grant from Nat. Cancer Inst. of Public Health 
Service. 

t Present address: Department of Physiology, Col- 
lege of Medicine, University of Cincinnati. 


tein fraction was chosen as the means of as- 
sessing rate of protein synthesis. 


Methods. Studies were confined to liver 
slices from rats in the “hyperthyroid” and 
“hypothyroid” state. Males of the Sprague- 
Dawley strain were used. Maintenance on a 
diet containing 0.5% thyroid powder for 5 
weeks was sufficient to produce hyperthyroid- 
ism in rats weighing 50-60 g at the outset. 
Similarly, thyroid function was suppressed 
significantly by a diet containing 0.05% pro- 
pylthiouracil fed for 5 weeks. Degree of thy- 
roid dysfunction was gauged by resting meta- 
bolic rate (determined as described in 5). 
From 60-75 mg wet weight of tissue slice was 
added to each incubation flask, containing 
0.001 M PAB and 0.01 M glycine in phos- 
phate-buffered Krebs-Ringer solution. Para- 
aminohippuric acid (PAH) was determined 
colorimetrically by the Bratton and Marshall 
procedure after differential extraction of PAB 
from PAH according to the method of Cohen 
and McGilvery(2). PAH synthetase activity 
is expressed as y of PAH formed/mg dry 
weight of tissue/3 hours. In isotope experi- 
ments, uptake of glycine-1-C™ and _ lysine- 
2-C'* into the protein fraction of liver slices 
was determined as follows: Tissue slices (60- 
75 mg wet weight) were incubated at 38°C 
for 1 and 2 hours in phosphate-buffered 
Krebs-Ringer solution containing 0.001 M 
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FIG. 1. Synthesis of PAH by rat liver slices. No. 

in parentheses indicate No. of animals in each 

group. Details pertaining to individual groups are 
given in text. 


PAH and 0.01 M glycine or lysine. Dupli- 
cate flasks were used. The reaction was 
stopped by addition of trichloroacetic acid 
(TCA). The slices were then homogenized 
in 10% TCA solution containing unlabelled 
glycine or lysine. After centrifuging and 
washing 4 times with TCA wash, the lipids 
were removed by’ extracting twice at 50-55°C 
with a 3:1 alcohol-ether mixture. The prepa- 
rations were plated on aluminum planchets 
and activity determined by counting in a 
windowless flow counter. Results, corrected 
to infinite thinness, are expressed as counts/ 
minute/mg protein. 

Results. The influence of thyroid hormone 
on the rate of PAH synthesis is shown in 
Fig. 1. Slices from control animals synthe- 
sized an average of 12 y of PAH/mg dry 
weight /3 hours incubation. Propylthiouracil 


feeding, although depressing metabolic rate 
significantly, had no influence on rate of syn- 
thesis. On the other hand, hyperthyroidism, 
induced by feeding thyroid powder, not only 
increased the resting metabolism but pro- 
voked a 40% increase in rate of PAH synthe- 
sis. 

Table I contains data of an experiment 
testing PAH synthesis simultaneously with 
rate of incorporation of labelled glycine and 
lysine into the protein of liver slices from 
normal and hyperthyroid rats. Total radio- 
activity in each flask containing glycine was 
approximately 4 million counts/minute in to- 
tal volume of 4 cc. In the case of lysine, 
total activity (associated with 1-lysine) in 
each flask was approximately 2 million 
counts /minute. 


It is seen that though hyperthyroidism is 
associated with an increase in synthetase ac- 
tivity, there is not a corresponding alteration 
of the degree of amino acid uptake into pro- 
tein. 


Rate of uptake of lysine varied less from 
slice to slice than did uptake of glycine. After 
one hour incubation with lysine, average 
counts/minute/mg of protein were in the nar- 
row range of 16.9 to 18.0 in slices from both 
normal and hyperthyroid animals. 


Protein synthesis (as measured by uptake 
studies) and formation of the peptidic bond 
of PAH appear to be dissociated phenomena. 
This in no way detracts from the usefulness 
of such model reactions in studying mechan- 
isms involved in peptide synthesis. 


y. Activity of the enzyme system 
concerned with synthesis of the peptidic link 
in p-aminohippuric acid was studied simul- 


Summary 


TABLE I. Incorporation of Labelled Amino Acids into Protein of Liver Slices from Normal 
and Hyperthyroid Rats. 
SS eee eee 
Degree of incorporation 
(avg counts/min./mg protein) 


Glycine-1-C™ Lysine-2-C™ PAH synthe- Resting meta- 
Animal 1 hr an ite 2 hr a 3 ce ao 106 oe 
Normal Sis cg 180 24.4 nee 110 
x 61.4 118.1 ifs 23.9 Bir 121 
Hyperthyroid 55.6 eo 16.9 oS a ae 


42.0 90.4 aii 


054 


taneously with rate of uptake of isotopically 
labelled glycine and lysine into the protein 
of rat liver slices. The synthetase system in- 
creased by 40% in the hyperthyroid state. 
Incorporation of labelled amino acids, on the 
other hand, was uninfluenced in the same 
situation. 


Thanks are due Dr. M. P. Schulman for gener- 
ously supplying the isotope used. 


Restraint Hypothermia and I'*! Uptake by Rat Thyroid.* 


CLIPPING, RESTRAINT AND CoLD EXPOSURE 
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Oxygen consumption in rats restrained in 
the cold is initially higher than in nonre- 
strained animals at the same environmental 
temperature. Soon, however, both body tem- 
perature and oxygen consumption fall in re- 
strained animals while they remain un- 
changed in nonrestrained controls(1). Since 
not all energy expenditure in muscle activity 
appears as heat, the initially higher oxygen 
consumption in the restrained, struggling ani- 
mals need not represent an increased heat pro- 
duction if the basal heat production was so 
lowered that the total heat production was in- 
adequate for maintaining normothermia. In 
point of fact, cold and restraint lower liver 
nonprotein sulfhydryl compounds(2-4) which 
might indicate some defect in intermediary 
metabolism and a consequently lowered basal 
heat production. None of these data, how- 
ever, clearly distinguish whether the falling 
metabolism is the cause or the effect of the 
hypothermia. Since rate of iodine uptake is 
believed to reflect metabolic activity of the 
thyroid gland, chief regulator of basal body 
metabolism, the present experiments on thy- 
roid uptake of I’?! were undertaken to ex- 
plore further the effect of restraint in the cold 


ws This Peseacn was etoponen) in part by the USAF 
under Contract No. AF 18 (600)-1326, monitored by 
Alaskan Air Command, Arctic Aeromedical Labora- 
tory, Ladd, Air Force Base, APO 731, c/o Postmaster, 
Seattle, Wash., and USPHS Grant MH-986. 


of Physiology, 
Washington, D. C. 


on basal metabolism. 

Methods. In studying rate of iodine up- 
take by the thyroid as affected by restraint 
and cold, 175-225 g adult male Sprague-Daw- 
ley rats were injected at zero hours with 5 
uc I*1 (as KI), immediately divided into 2 
groups (one of which was restrained in loose- 
fitting wire mesh cylinders, flattened on the 
underside and closed at the ends) and put 
into a cold room (5° + 2°C). Then at 1, 2 
and 4 hours equal numbers of restrained and 
nonrestrained animals were killed with ether 
and their thyroids removed to glass micro 
slides and air dried overnight. I**! activity 
of the dried glands was determined with a 
scintillation counter from 10 one-minute 
(later one 3-minute) counts per gland pair. 
This was usually done on the day following 
death, but in any case the measurement was 
corrected for background (avg 255 cpm) and 
for decay from zero time. Six animals in each 
of the 6 groups were used on each of 10 days, 
making a total of 360 rats. In many of the 
180 restrained animals colonic temperature 
was also recorded at intervals during the 4 
hour period. To ascertain the relation be- 
tween body temperature and thyroid iodine 
uptake in restrained and nonrestrained ani- 
mals, thyroid ["*" activity in 25 of the 4-hour 
restrained rats (average colonic temperature 
17.8°C) was compared with that in 25 extra 
injected nonrestrained controls in which the 
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counts/min.) in restrained (X) and nonrestrained 
(©) rats at 5° + 2°C. 


body hair had been wetted before 4 hours of 
cold exposure. This treatment brought their 
average colonic temperature down to 17.3°C. 
Thyroid iodine uptake could not be followed 
in vivo, because of the masking effect of I'*4 
in blood and tissue fluids adjacent to the thy- 
roid and because the struggling of the animals 
too frequently shifted the thyroid gland rela- 
tive to the sensing element. The also poten- 
tially desirable technic of determining the 
rate of release of radioactive thyroxin could 
not be used in these short term experiments 
either, bécause in one hour only 5% of the 
labelled hormone was lost, an amount com- 
parable to the experimental error and large in 
comparison with the differences between con- 
trol and experimental animals. 

Results. Fig. 1 gives mean thyroid I'*? 
counts, with standard errors including both 
counter and background variations, for re- 
strained and nonrestrained rats. Total up- 
take was significantly higher in the restrained 
animals at one hour (p<.05) and lower at 
4 hours (p<.05). The mean colonic temper- 
ature of the restrained rats was 18.2°C at 4 
hours. 

The thyroid counts for 25 restrained 4-hour 
rats, of mean colonic temperature 17.8°, av- 
eraged 251 + 25, whereas those in 25 nonre- 
strained but wetted controls, with mean tem- 
peratures of 17.3°, averaged 104 + 18. The 
difference was significant (p<.01). 

Discussion. The difference in I**! uptakes 
might be ascribed to more rapid dissipation of 
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glycogen in the restrained struggling rat as 
compared to the control, with the subsequent 
fall in. temperature and metabolic rate being 
due to diminished reserves. This agrees with 
the observation that restrained rats which 
struggle more become the more hypothermic 
(5). It is not in agreement, however, with 
the data showing greater thyroid I'*! uptake 
in restrained (struggling) rats than in equally 
hypothermic nonrestrained (quiet) controls. 

The significantly higher thyroid I**! count 
of restrained rats, at the one-hour measure- 
ment, as compared to the control animals, re- 
flects a much greater rate of accumulation of 
I! (Fig. 1). This early increased rate of 
I*81 accumulation in the restrained rat, how- 
ever, gives way to a lesser rate of uptake as 
compared to the control, for at the 4-hour 
comparison the control thyroid I**! count was 
significantly greater than for the restrained. 
These changes correlate well with the rate of 
oxygen uptake in the cold where restrained 
rats initially have a greater rate, and after 
approximately 114 hours, a_ progressively 
lesser rate than nonrestrained controls(1). 
Although the response of the thyroid is 
usually regarded as being too slow to account 
for an increased Oz consumption occurring in 
one hour or less, strong presumptive evidence 
favoring such a hypothesis is the observation 
by Booker et al.(6) that 1% hours of cold 
exposure to both normal and adrenalecto- 
mized mice results in a 100% increase in the 
oxygen consumption of live homogenate. 

The parallel falls in body temperature, rate 
of thyroid iodine uptake and rate of Oz con- 
sumption in restrained rats exposed to be- 
tween 2 and 4 hours of cold give no clue as 
to whether falling heat production causes the 
hypothermia or the reverse. The fact that 
both the rate of I’?! uptake and O, uptake 
are above corresponding control values at one 
hour is not conclusive either, for both these 
may have been caused by the greater strug- 
gling of the restrained rats. However, the 
fact that thyroid iodine uptake was much 
higher in restrained rats 4 hours in the cold 
than in nonrestrained but equally hypother- 
mic controls indicates that restraint causes 
hypothermia by some mechanism other than 
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depression of heat production. The drop in 
body temperature of the restrained rat, in 
fact, appears to be the cause of the drop in 
oxygen consumption (metabolism), for if the 
reverse were true the I'*! uptake (thyroid 
metabolism) should have been higher in the 
nonrestrained than in the restrained animals. 

Summary. Thyroid I'*! uptake by re- 
strained rats was higher at one hour, and 
lower at 4 hours, than that of nonrestrained 
control animals. The lower the body tem- 
perature of the restrained animals at 4 hours, 
the lower the I**! uptake by the thyroid. Re- 
strained hypothermic rats had a significantly 
greater thyroid uptake of I'*! than equally 
hypothermic nonrestrained animals. It is 
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concluded that hypothermia of restrained ani- 
mals can not be ascribed to depressed basal ' 
metabolism. 
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Association of Mouse Pathogenic Strain of Echo Virus Type 9 


with Aseptic Meningitis.* 


(23043) 


Donatp M. McLeant anp JosEepH L. MELNICK 
Department of Pathology, University of Cambridge, England, and Section of Preventive Medicine, 
Yale University School of Medicine, New Haven, Conn. 


Echo viruses are a new group of agents 
which have been isolated from stools of 
aseptic meningitis cases and of normal chil- 
dren(1). Although one of the 14 antigenic 
types, echo-6, has repeatedly caused aseptic 
meningitis(2-5), the etiological relationship 
of most types to human disease remains ob- 
scure. The present paper offers evidence that 
echo-9 virus has caused one epidemic of typi- 
cal aseptic meningitis near Cambridge, Eng- 
land, during 1955, and two epidemics of this 
syndrome with milder symptoms in other 
nearby areas during 1956. 

Methods. Virus isolations and antibody 
studies were performed in cultures of human 
amnion cells(6) which had been grown for 
the first 3 days in medium containing 20% 
human serum and 0.5% lactalbumin hydroly- 


* The laboratory work carried out in New Haven 
was aided by a grant from Natl. Fn. for Infantile 
Paralysis. 

+ Harrison Watson Student, Clare College, Cam- 
bridge, England; present address, Commonwealth 
Serum Laboratories, Melbourne, Australia. 


sate in Gey’s balanced salt solution followed 
by 3 days in medium containing 10% inacti- 
vated rabbit serum and 0.5% lactalbumin hy- 
drolysate in balanced salt solution. Im- 
mediately prior to inoculation, the cell 
sheets were washed twice in salt solution and 
a maintenance medium, containing 5% rab- 
bit serum and 0.25% lactalbumin hydroly- 
sate in salt solution, was added. Uninocu- 
lated cultures remained intact in maintenance 
medium for 10 days. Monkey kidney (MK) 
cell cultures were also used. Those in Cam- 
bridge were kindly provided by Dr. J. O’H. 
Tobin, while those used in New Haven were 
prepared by methods described elsewhere(7). 
Virus isolations were attempted from feces 
obtained from patients between 2 and 7 days 
after onset of illness. In the third outbreak, 
virus isolation was attempted from both 
throat washings and rectal swabs. Samples 
of serum were collected from each patient be- 
tween 2 and 7 days and again between 12 and 
21 days after onset of illness. Neutralization 
tests on paired sera were performed on serial 
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TABLE I. Clinical Features of Eleven Cases of 


Aseptic Meningitis in 1955. 
a a eS ced SS 
—_—_—_———_ 
Clinieal features No. of cases 


Symptoms and signs 


Fever 11 
Stiff neck 10 
Headache 10 
Vomiting 8 
Backache 8 
Sore throat 3 
Limb pains 2 
Photophobia 2 
Paralysis 0 
CSF findings (2 to 10 
days after onset) 
<10 cells ale 
10- 24.” 2 
25- 99 ” 2 
100-300 ” 2 
>300 4 
10 


> 10 


* This patient had no cells in the CSF 2 days 
after onset, but on seventh day the CSF contained 
282 cells/mm*, 


fivefold dilutions of sera using 300 to 1000 
TCDs» of virus in amnion cultures and 320 
TCDso in MK cultures. Virus typing was 
carried out in MK cultures using antisera 
against each of the 14 echo types, against the 
cytopathogenic Coxsackie types, and against 
the 3 polioviruses. 

Results. Bourn outbreak. Between Oct. 
17 and Noy. 11, 1955, 8 cases of typical 
aseptic meningitis occurred amongst mem- 
bers of 4 families who lived in an emergency 
housing area at Bourn, Cambridgeshire. 
Three additional cases occurred in people liv- 
ing in Cambridge who were in close associa- 
tion with the first 2 Bourn cases. The incu- 
bation period was between 8 and 11 days. 
The clinical features are listed in Table I. 
All at some stage had increased lymphocytes 
in the cerebrospinal fluid (CSF), ranging be- 
tween 10 and 1180/mm*, and 8 cases also 
had between 6 and 48 granulocytes/mm®*. In 
the case of L.R., the CSF contained no cells 
on second day of illness but on the seventh 
day it contained 261 lymphocytes and 21 
granulocytes/mm*. 

Virus was isolated in amnion cultures from 
feces obtained from two patients, L.M. and 
L.R., on second and third days of illness, re- 
spectively. Virus was also isolated from 
L.R.’s feces by inoculation of MK cultures. 
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At the Virus Reference Laboratory, Colindale, 
virus was isolated from the feces of 2 more 
patients, E.K. and C.W. (G.P.B. Boissard, 
personal communication). These 4 virus 
strains could not be distinguished from each 
other on the basis of neutralization tests using 
1000 TCD; of virus against the acute and 
convalescent sera from patient L.R. (Table 
PE). 

Virus from patient L.R. (Bourn virus) in 
its first passage in amnion culture had a titre 
of 10° TCD; 9/ml when titrated in cultures 
of human amnion. This material was used 
in most neutralization tests. After 6 passages 
in MK cultures, the titre increased to 10°:°/ 
ml. Bourn virus was not neutralized by an- 
tisera against the Coxsackie viruses or polio- 
viruses. In repeat tests it was neutralized by 
antisera against echo-9 virus but not by anti- 
sera against any of the other 13 types of echo 
virus (see Table JII). Both Bourn and 
Quigley strains produced  irregular-shaped 
plaques with diffuse boundaries on MK cells 
under agar, typical of group A echo viruses 
(8). Paired sera of 2 patients were also tit- 
rated in MK cultures against the Quigley 
strain of echo-9 virus. The results are com- 
parable, as shown for patient L.M. in Table 
III, with those obtained when the same sera 
were tested against the Bourn strain. 


TABLE II. Serological Relationships of Viruses 

Isolated from Cases of Aseptic Meningitis. (Hach 

virus was tested against sera of the patient yield- 

ing the virus and also against the paired sera of 
patient L.R.) 


Serum titres against 
1000 TCD.) of virus 
isolated from each 


Days patient 
Date of after Homolo- 
epidemic Patient onset L.R.’s sera gous sera 
Oet. 1955 L.R. ey Q* 0 
DOT 50 
L.M. 2 0 
> 100 >100 
250 >250 
4 C.W. 7 0 50 
>50 50 


This legend pertains for Tables III through VI, 
also. 

* Titre of acute serum. (0 indieates < 10. 

+ Titre of convalescent serum, 
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TABLE IIT. Gross Reactions between Echo-9 Sera 
and the Bourn Virus. 


Serum titres ; 
(50% endpoint against 100 TCD, of virus) 
Bourn patient 


Eeho-9, Echo-9, L.M. 


JAG Onell p= =< = 
Virus strain* strain*® Acute Conval. Othert 
Hillt 15,625 1,500 <ai() 
Quigley$§ 15,625 2,500 0 250 <10 
Bourn 5,380 220 0 >100 <10 


* The echo-9 typing sera were prepared by im- 
munization of monkeys, the Hill serum by Wenner 
and the Quigley serum in New Haven. 

t Ineludes echo viruses 1-8, 10-14, Coxsackie A9, 
B1-5, polio 1-3. 

¢ Hill strain, the echo-9 prototype, was isolated 
from a normal child in Ohio(10). 

§ Quigley strain was isolated from a patient 
with aseptic meningitis, in W. Va. 


Acute and convalescent sera were collected 
from each patient. Sera were also collected 
from 14 family contacts 23 days after the 
epidemic began, and 9 of these were bled 
again on the 43rd day. Neutralization tests 
which were performed against 1000 TCDs» of 
Bourn virus showed that 5 cases and 2 con- 
tacts had no antibody in the first serum but 
acquired antibody by the time the second 
serum was taken. Two cases with a low 
antibody titre in the first serum showed five- 
fold or greater rise in antibody titre in the 
second serum, and 4 cases and 5 contacts had 
a high antibody titre in the first serum with 
no increase in the second serum (Table IV). 
In addition, 3 contacts had antibody in single 
specimens of serum taken 3 weeks after the 
epidemic began, one contact had a low anti- 
body titre in both serum samples, one contact 
had no antibody in either early or late serum, 
and 2 contacts had no antibody in single se- 
rum samples. Thus, of a total population of 
23 at risk, 17 subjects were infected with 
echo-9 virus and 11 of these became ill with 
aseptic meningitis. 

Huntingdon outbreak. During late July 
and early Aug. 1956, many servicemen and 
their families who lived on Royal Air Force 
Station near Huntingdon suffered from severe 
headache and fever and in some cases this was 
accompanied by a morbilliform rash. No pa- 
tient had neck stiffness, and lumbar puncture 
was not performed. In 3 families who were 
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TABLE IV. Neutralization Tests on Sera Taken 
during the Bourn Epidemic, October, 1955. 


ed 


Antibody 
titre 
Virus Days against 
isola- after echo-9 
Name tion onset virus 
Cases 
M.B. ets 7 > 250 
20 ”? 
RCs 0 4 50 
16 >250 
M.M. 0 5 eg 
20 2 
IM 0 3 50 
16 250 
C.W. ae ( 
18 ” 
E.K. +* 5 0 
ay 50 
G.R. 0 5 0 
18 250 
L.R +. 3 0 
16 50 
L.M. = 2 0 
13) 250 
H.D.M. 0 3 0 
13 250 
1K 0 5 2 
14 9 
Contacts 
B.M. 234 0 
43 >50 
H.Z.B. 24 0 
49 (0) 
Ro.C. 23 >100 
43 sf 
E.A.C. 23 10 
43 
Pile 23 >100 
43 ay 
D.L. 23 
43 
E.R.R. Pe 
43 
Jiskts 23 y 
43 
PRs 23 0 
49 >50 
B.R. 21 0 
A.R. 21 10 
A.C. : 27 >50 
LCM. 23 0 


B.B. 24 50 
* Virus isolated by Dr. G. P. B. Boissard. 
+ Heho-9 virus isolated from a rectal swab taken 
on this date. 
n.t. = not tested. 
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TABLE V. Neutralization Tests on Sera Taken 
during the Huntingdon Epidemic. 


Sera of patients: 
L.M 


Virus strain J.C. MR. J.E.R. D.R. (Bourn) 
Patient J.C. 10 20 0 Mite 10 
50" 250) 250 Tate > 250 
Patient M.R. n.t. 0 0 0 0 
>250 >250 >250 >250 >250 
Bourn strain nts 0 0 mets 0 
(Echo-9) >250 >250 50 


nt. >>250 


studied closely, stool specimens and paired 
sera were obtained from 2 patients, stool and 
convalescent serum was obtained from one 
patient, stool only was obtained from another 
patient, and from two further patients paired 
sera were obtained. The families lived some 
distance apart from each other. Echo-9 virus 
was isolated from 3 stools. Rising titres of 
neutralizing antibody to 2 current strains of 
virus and the Bourn strain of echo-9 virus 
were detected in all 4 serum pairs and a high 
titre was detected in the single convalescent 
serum. The results are shown in Table V. 


Cambridge outbreak. During late Sept., 
1956, a schoolboy, D.W., developed severe 
headache and feyer but there was no neck 
stiffness and no rash. During the next 3 days, 
3 of his studymates complained of the same 
symptoms. All had played a trumpet belong- 
ing to D.W. on the day prior to onset of 
D.W.’s illness, which was the date on which 
they resumed school after the summer vaca- 
tion. Throat washings, rectal swabs, and sera 
were collected from each patient 3 days after 
D.W. became ill; further serum samples were 
obtained 16 days later. Echo-9 virus was 
isolated from throat washings obtained from 
J.A.C. A rising titre of neutralizing antibody 
against 300 TCDs;» of this strain of virus was 
detected in paired sera from all 4 cases (Table 
VEY. 


Mouse pathogenicity. Newborn mice were 


TABLE VI. Neutralization Tests on Sera Taken 
during the Cambridge Epidemic. 


Sera of patients: 


Virus strain A INLOS ORWOL Sed salslalits IDEN 
Patient J.A.C. 0 0 0 10 
250 > 50 S00) 50 
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inoculated with the 3 strains of echo-9 virus, 
Hill, Quigley, and Bourn, using undiluted tis- 
sue culture fluids containing 10‘, 10°%°, and 
10°:° TCDs5o of virus, respectively. From 51 
to 90 mice were inoculated with each strain, 
some injected intracerebrally and some sub- 
cutaneously. None of the mice inoculated 
with the Hill or Quigley strain succumbed to 
the virus, in confirmation of the earlier find- 
ings with these strains. However, the mice 
inoculated with the Bourn strain developed 
paralytic illness, with all 19 animals injected 
subcutaneously succumbing on the third and 
fourth days and 27 of 32 mice injected intra- 
cerebrally coming down between the third 
and sixth days. The virus was carried for 3 
passages in mice. Eviscerated torsos of para- 
lyzed mice yielded titers of more than 10° 
and of 10°" per gram, respectively, in MK 
cultures and in newborn mice. Echo-9 (Hill) 
antiserum neutralized, both in TC and in 
mouse neutralization tests, large doses of 
Bourn virus harvested from infected mouse 
torsos; thus, a serum dilution of 125 neu- 
tralized 10° TCDs5 9 of the second passage 
mouse virus in MK cultures, and over 10+ 
paralytogenic doses of the same virus seed in 
the mouse neutralization test(9). Sections 
of paralyzed mice manifested myositis indis- 
tinguishable from that produced by group A 
Coxsackie viruses. No lesions were seen in 
the brain or fat pads. 


Discussion. Echo-9 strains have been re- 
covered from healthy children(1,10) and also 
from sporadic cases of aseptic meningitis (1) .+ 
However, the present study is the first asso- 
ciation of this virus with a sharp epidemic 
of frank aseptic meningitis and subsequently 
with two outbreaks characterized by milder 
symptoms. Since echo-9 virus was the only 
virus isolated from the patients studied, it 
seems reasonable to infer that this virus 
caused each outbreak. Rising titres of neu- 
tralizing antibody to current strains of echo-9 
in paired sera from patients further strengthen 
this view. From these results it would appear 
that echo-9 virus, as well as echo-6(2-5), 
must be added to the list of agents which may 
cause the aseptic meningitis syndrome. Sup- 


+ Unpublished results. 
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port of this view has recently come from sev- 
eral sources. A virus isolated in MK cells 
by Dr. P. DeSomer in Louvain from the 
spinal fluid of an aseptic meningitis patient, 
and sent to New Haven for typing, turned 
out to be echo-9 virus. DeSomerS isolated 
the same virus from the spinal fluids of 7 
cases of aseptic meningitis and from 26 fecal 
specimens. Serological studies showed eight- 
fold or greater antibody increases during con- 
valescence. Tyrrell and Snell(11) in Eng- 
land have recently described an epidemic dis- 
ease characterized by rash and aseptic men- 
ingitis, some cases of which were similar to 
the disease observed in babies in East London 
in 1954 by Crawford, et al.(12). Echo viruses 
were isolated in tissue culture by both groups, 
but only strains isolated in 1955 and 1956 
were found to produce myositis and paralysis 
in infant mice. Similar'viruses, isolated from 
cerebrospinal fluids, throat washings, and 
feces, have been recovered during the sum- 
mer and fall of 1956 from other outbreaks in 
different parts of England(13). We have 
learned through personal communications from 
these investigators that the viruses isolated 
in their studies have now been typed and have 
turned out to be strains of echo-9 virus. It 
is noteworthy that several virus strains, re- 
covered in tissue culture by Meyers from a 
large outbreak of aseptic meningitis which 
occurred in Germany during the fall of 1956, 
were also typed as echo-9 virus. 

The observation that certain strains of 
echo-9 virus produce myositis and paralysis 
in infant mice raises the question of whether 
the echo-9 strains really belong with the echo 
or with the Coxsackie viruses. In addition to 
the mouse pathogenicity of certain echo-9 
strains, the Quigley strain of this virus, iso- 
lated from an aseptic meningitis patient in 
West Virginia in 1954, has produced mild le- 
sions in the spinal cord of monkeys inocu- 
lated directly into the lumbar area.t The 
lesions, including cellular infiltration and 
neuronophagia, were limited to the lumbar 
area of the spinal cord, but were present out- 
side the area of traumatic injury produced by 


§ Personal communication. 
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the injection. Benyesh recovered virus from 
the spinal cords of a number of monkeys for 
at least a week after inoculation. 

Summary. From an outbreak of 11 cases 
of aseptic meningitis near Cambridge, Eng- 
land, during the autumn of 1955, echo-9 virus 
was isolated from 4 patients. In addition, 7 
cases and two family contacts showed rising 
titres of neutralizing antibody to this virus. 
From 2 subsequent outbreaks of febrile head- 
ache in this region during the summer and 
autumn of 1956, echo-9 virus was isolated 
from 6 patients and rising titres of neutral- 
izing antibody were detected in sera from 8 
patients. These data, plus the recent echo-9 
isolations from spinal fluids as well as from 
the alimentary tract of aseptic meningitis 
cases in other outbreaks, strongly suggest that 
echo-9 virus has caused severe and mild cases 
of this syndrome. English strains isolated in 
1955 and 1956 were found to produce my- 
ositis and paralysis in infant mice indistin- 
guishable from that produced by group A 
Coxsackie viruses. 
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Differentiation of “Normal” and Neoplastic Cells Maintained in Tissue 


Culture by Implantation into Normal Hamsters.* 


(23044) 


G. E. Forry anp A. H. Hanpier (Introduced by Sidney Farber ) 
Laboratories of Microbiology and Tumor Transplantation, Children’s Cancer Research Foundation, 
and Department of Pathology, Harvard Medical School, at Children’s Medical Center, Boston, Mass. 


It is generally accepted that cell lines de- 
rived from normal tissue and those derived 
from neoplastic tissue are difficult to distin- 
guish from one another after maintenance in 
tissue culture(1,2). Experiments were there- 
fore designed to ascertain if biological differ- 
ences between such cell lines could be dem- 
onstrated by application of newer methods of 
tissue culture(3-8) and transplantation of 
tissue culture cell lines to a heterologous 
host(9). Delineation of specific amino acid 
and vitamin requirements of a mouse 
fibroblast(3) and a human carcinoma cell 
line(4) has permitted parallel im vitro culti- 
vation of several additional human and ani- 
mal cell lines deriving from normal and neo- 
plastic tissue(5-8) in media embodying these 
same minimal requirements supplemented 
with 10% whole serum. Studies with these 
cell lines im vitro have failed thus far to re- 
veal significant biochemical er morphological 
differences between those derived from nor- 
mal and from neoplastic tissue. Similarly, 
studies on susceptibility of cell lines originat- 
ing from normal vs. malignant tissue to cer- 
tain carcinolytic agents(10) resulted in the 
paradoxical observation that either was 
equally susceptible to a given agent, despite 
the fact that these same compounds exhibit 
selective anti-tumor activity in experimental 
animals. Observations during the past 18 
months on quantitative titration of tissue cul- 
ture cell lines in the cheek pouches of golden 
hamsters(9) suggested that all cell lines do 
not behave similarly in this heterologous host. 
The purpose of this report is to record the 
results of experiments which indicate that 
despite the aforementioned im vitro similari- 
ties, there are significant differences in the 
biological behavior of different cell ines 


* This investigation was Bappoted in oat by re- 
search grants from Natl. Cancer Inst., N.ILH., U. S. 
Public Health Service. 


maintained im vitro, and that these differences 
may correlate with the source of the culture. 


Methods. The cell lines studied are 
listed in Table I. These strains were main- 
tained in media prepared as described by 
Eagle(3-5) in which the essential serum pro- 
tein was provided by 10% whole, pooled, hu- 
man serum, except for 4 animal cell lines, 
where serum protein was provided by 10% 
whole horse serum. All of these cell lines ex- 
hibit remarkably similar rates of growth in 
these media, and with the exception of Sar- 
coma 180 and L-929, which are of fibroblast- 
like morphology, resemble one another in 
morphologic appearance. They are best de- 
scribed as ‘‘epithelial-like” in the sense that 
individual cells are predominantly polygonal, 
with distinct, intensely basophilic nuclei, and 
their characteristic growth in essentially 
monocellular layers directly on glass surfaces 
gives the appearance of ‘‘pavement” epithel- 
ium. The layer of cells growing on the sur- 
face of culture flasks was removed for ani- 
mal experiments by replacing the culture 
fluid in 5-7-day-old cultures with fresh me- 
dia containing Difco ‘‘1:250” trypsin in final 
concentration of 0.125% and incubating the 
flask circa 5 min at 37°C. The cells so dis- 
persed were sedimented at 5-600 rpm, washed 
2-3 times with fresh medium to remove the 
trypsin and redispersed with gentle agitation 
in appropriate volumes of media. After enu- 
meration by haemocytometer counts, the sus- 
pension of cells was diluted so that the de- 
sired inoculum was contained in a volume of 
0.1 ml of medium. Syrian hamsters, 60-80 g 
in wt were prepared under light nembutal 
anaesthesia and the desired inoculum im- 
planted under the epithelium of the cheek 
pouch with a 24-gauge needle. Both cheek 
pouches of 6 hamsters were implanted with 
each inoculum of each cell line and in each 
instance, 3 of 6 hamsters were treated with 
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TABLE I. Titration of Tissue Culture Inocula in Unconditioned Hamsters. | 
Development of tumors” 
following implantation 
In vitro of cells at: : 
Cell line Tissue of origin age (mo)t 1X 10° 1X 10° 1X 10 

Sarcoma 180 Biopsy, 8-180 in CFW mice (Foley) 18 SF == i 

KB} Biopsy, human, epidermoid carcinoma (Eagle) 23 == =e 

HeLat # ue cervical z (Gey) 69.5 + + Se 

J-111} Peripheral blood, human, acute monocytic leu- 27 += + SP 

kemia (Osgood) 

Wilms’-6 Biopsy, human, Wilms’ tumor (Foley) 4.5 = = ic 

Amunion Human amnion at term (Foley) 3.5 + —- 

407t a embryonic intestine (Henle) 23 =F + 0 

LLC-M-1$ Hypertrophic lymph node, mouse of unknown 61 + 0 0 

strain (Hull) 

Lt Biopsy, human, liver (Chang) 31 + 0 0 

Thymus i = thymus (Foley) 5.5 + 0 0 

Endometrium Normal, human, therapeutic abortion (Foley) 5.5 + 0 0 

Lung Biopsy, human, lung|| (Foley) 5.5 + 0 0 

L-929 Connective tissue, C3H mouse (Karle) 194 + 0 0 

Kidney { Normal Rhesus monkey 3) + 0 Se ; 

Ppseeext: 


+t To Dee. 1, 1956. 


+ Strains obtained through courtesy of Dr. Harry Eagle, N.I.H., Bethesda, Md. 
§ Idem, Dr. R. N. Hull, Eli Lilly Research Labs., Indianapolis, Ind. : 


|| Chronie pneumonitis. 


{ Primary in vitro cultures. Trypsin-dispersed suspensions of 1 X 10° and 1 X 10* cells implanted 
directly also failed to grow in unconditioned hamsters. 


cortisone acetate in subcutaneous doses of 
2-3 mg, administered simultaneously at time 
of implantation and twice weekly post-im- 
plantation. The 3 remaining hamsters in 
each instance were not treated with cortisone. 
At least 2 such experiments were done with 
each cell line, thus the data summarized in 
Tables I and II represent observations on 
circa 800 hamsters. Cheek pouches of all 
animals were observed twice-weekly under 
light nembutal anaesthesia for 60 days. De- 
velopment of a nodule which increased pro- 
gressively in size and became vascularized 
within a few days was considered as evidence 
of growth. All cell lines recorded as positive 
in Table I produced such tumors in two or 
more cheek pouches per experiment in more 


TABLE II. Titration of Tissue Culture Inoeula in 
Hamsters Conditioned with Cortisone Acetate. 


Development of tumors* following im- 


Yell plantation of cells at: 

linet WSS ake ASE aol 1 Ne ea a Seal 10 
8-180 -[- —- + + ab 
KB + 4 + + 
Hela ar ae ae 4 ar 
407 Bie oh a 0 0 
iG ne ue 0 0 0 


* See text. + See Table I. 


than one animal. These tumors may regress 
spontaneously in unconditioned hamsters, but 
are readily transplanted to other hamsters 
within the first 10-14 days. Histological sec- 
tions were prepared from all cheek pouches 
in which such tumors developed. The be- 
havior of cell lines recorded as negative in 
Table I was distinctly different. In most in- 
stances, the original implant disappeared 
completely within 24 hrs, but occasionally 
persisted as a tiny nodule which regressed 
spontaneously within 5-6 days. In no in- 
stance did the original implant develop pro- 
gressively or become vascularized, and they 
were not transplantable to other hamsters. 
Histologically, such nodules consist of a ne- 
crotic focus at site of implantation, sur- 
rounded by the usual inflammatory response. 


Results. All cell lines studied, irrespective 
of tissue of origin, grew prolifically in cheek 
pouches of hamsters conditioned with corti- 
sone acetate when the inoculum contained 
1 x 10° or more cells. However, as summar- 
ized in Table I, this was not the case with un- 
conditioned hamsters. Although each cell 
line so studied grew when 1 x 10° cells were 
implanted in cheek pouches of unconditioned 
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hamsters, results with inocula containing 1 x 
10° and 1 x 10* cells clearly indicate that all 
strains which can be maintained in vitro do not 
exhibit identical in vivo biological properties. 
Thus far, the failure of 1 x 10° cells in most 
instances, and the uniform failure of 1 x 10 
cells to grow in unconditioned hamsters ap- 
pears to be characteristic of those cell lines 
deriving from non-malignant sources. That 
this failure to grow in unconditioned hamsters 
is not entirely due to length of time the cell 
line has been in tissue culture is evident from 
Table I, since long-established (LLC-M-1, 
L, L-929) as well as more recently isolated 
(Thymus, Endometrium, Lung) cell lines 
failed to grow under these experimental con- 
ditions. 


In sharp contrast, all cell lines deriving 
from neoplastic tissue produced characteristic 
tumors in 33-100% of cheek pouches of un- 
conditioned hamsters implanted with 1 x 10° 
or 1 x 10* cells, and a number of tumors so 
induced have been maintained through several 
transplants in unconditioned hamsters. The 
uniform ability of such cell lines to grow un- 
der these experimental conditions also is 
noteworthy, since it is conceivable that the 
tumor from which these cells were isolated 
may have contained normal stromal cells. 
Again, this ability to grow in unconditioned 
hamsters is not simply a reflection of length 
of time the cell line has been maintained in 
vitro, as evidenced by comparison of im vitro 
ages of strains KB, HeLa, and J-111 with 
those of S-180 and Wilms’ 6. 


Experiments in which tissue culture inocula 
were titrated further in cheek pouches of 
hamsters conditioned with cortisone acetate 
give further evidence of differences in bio- 
logical behavior of cell lines derived from dif- 
ferent sources. Thus far (Table II) cell lines 
isolated from neoplastic tissue produce tu- 
mors following implantation of as few as 
circa 10 cells, whereas cell lines derived from 
adult non-malignant tissue fail to produce 
tumors, even in conditioned hamsters, when 
inocula of 1 x 10° or fewer cells are used. 
The strain of normal embryonic cells so 
studied (407, Table II) exhibits a growth po- 
tential intermediate between that of cell lines 
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derived from malignant and adult non-malig- 
nant tissue. Further studies on the titration 
of these and additional cell lines, including a 
number isolated from aspirated bone marrow 
of patients with and without neoplasm(6), in 
conditioned and unconditioned hamsters are 
in progress. 


Discussion. The factors of adaptation and/ 
or selection determining successful isolation 
of mammalian cells im vitro have not yet been 
fully delineated. Cell lines exhibiting differ- 
ent growth potentials have been isolated from 
cultures derived from malignant(11), and 
non-malignant sources(12-14). Thus, it is 
of considerable interest that morphologically 
similar tissue culture cell lines exhibit dis- 
tinctly different biological properties when ex- 
posed to physiological influences of an intact 
heterologous host. Differences in behavior in 
unconditioned hamster cheek pouches of cell 
lines used in studies on cytotoxic activity of 
carcinolytic agents in tissue culture(10) sug- 
gest that despite the similarity in response to 
such agents im vitro, significant biological dif- 
ferences between these cell lines indeed exist, 
and that further 7 vitro study of such cell 
lines may reveal biochemical attributes re- 
lated to these differences in growth potential. 

It is perhaps more than coincidence that 
cell lines derived from neoplastic tissue ex- 
hibit a greater growth potential than those 
derived from non-malignant sources when 
titrated in unconditioned hamsters. Moore et 
al.(15) mentioned that cell lines derived from 
normal sources failed to grow in uncondi- 
tioned rats, while previous experience in these 
laboratories with neoplastic or embryonic and 
heterologous adult normal tissue implanted 
directly into the hamster cheek pouch by tro- 
car or as trypsin-dispersed cell suspensions in- 
dicates that under these conditions, adult nor- 
mal tissue fails to grow. These observations 
are in accord with Greene’s suggestion(16) 
of heterotransplantability as a criterion for 
distinguishing between neoplastic (or embry- 
onic) and adult normal tissue. The present 
studies, however, must be extended to addi- 
tional cell lines and the results correlated with 
behavior of tissue cells under other biological 
conditions both im vivo and in vitro before 
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differences in growth potential exhibited in 
the unconditioned hamster can be evaluated 
as differential evidence of malignancy in gen- 
eral. However, the present data can be inter- 
preted as representing distinct biological dif- 
ferences among those cell lines derived from 
normal and neoplastic tissues which can be 
maintained in tissue culture. 

Summary. Quantitated inocula of 14 tis- 
sue culture cell lines which are remarkably 
similar in vitro were implanted into cheek 
pouches of unconditioned Syrian hamsters. 
All cell lines grew in the cheek pouch when 
1 x 10° cells were implanted, but only those 
cell lines derived from neoplastic tissue pro- 
duced tumors when inocula contained 1 x 10+ 
cells. Other experiments indicated that this 
difference in the growth potential of cell lines 
deriving from neoplastic tissue also may be 
delineated in hamsters conditioned with cor- 
tisone acetate by implantation with 1 x 10? 
or fewer cells. 
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Paut M. Lisy anp Emmett? L. Peters (Introduced by M. R. Warren) 
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Antispasmodic potencies of many drugs 
have been expressed in terms of relative de- 
gree of antipropulsive action shown in the 
Macht and Barba-Gose charcoal meal test (1). 
The results of this test are informative, but 
effects of drugs on normal propulsive motility 
may not reflect useful effects expected in 
treatment of gastrointestinal malfunctions as- 
sociated with smooth muscle spasm and_ hy- 
permotility. Some clinically useful agents, 
such as adiphenine hydrochloride (Trasen- 
tine) and dicyclomine hydrochloride (Ben- 


* We wish to express our sincere thanks to Dr. 
Marshall R. Warren and Dr. J. P. Quigley for advice 
concerning preparation of manuscript. 


tyl), which exert their smooth muscle inhib- 
iting effect in “musculotropic” or “papaver- 
ine-like” fashion, are without significant in- 
hibitory effect in the charcoal meal test ex- 
cept in doses which produce pronounced cen- 
tral nervous system effects. Atropine sulfate 
and methantheline bromide (Banthine) re- 
quire subcutaneous doses of 2 mg/kg and 15 
mg/kg respectively to produce a 50% de- 
crease in normal propulsion. Such high doses 
of these agents might be expected to be re- 
sponsible for extraneous effects which could 
be antagonistic or synergistic with peripheral 
antipropulsive action of the compound. The 
charcoal meal test alone fails to indicate ex- 
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TABLE I. Charcoal Meal Test. Effect of drugs on normal propulsive motility of stomach and 
small intestine of rat. 


—aaaa———————————OOOOOO—————eeeeeee 


Avg length intestine traversed 


: Dose, Route of (WES.D it 
No. of rats Agent mg/kg admin, 20 min. 40 min. 

25 Saline E xc A Sead eae 
20 : Oral 514+ 9.5 

5 Atropine SO, it S.C. 50.8 + 10.3 
10 Idem 2 e 34.3 4+ 6.1 
10 = 4 iY 26.7+ 5.4 
10 i 8 2 30.47 =) Dell 

3) 16 a 36.1+ 5.3 

5 : 32 4 33.0 + 13.6 

5 zs 8 2 27.6 + 11.0 

5 a 2 Oral 30.14 3.5 

5 y 8 ze 36.9+ 9.8 

5 of 16 2 StL 3:5 

5 Methantheline br. 2; S.C. 56.1+ 8.2 

5 Idem 8 i 52.2+ 6.9 
15 a2 16 ihe 39.0+ 3.9 
10 32 i 13.12+ 5.0 

5 100 Oral 2424+ 6.1 
10 Scopolamine methylbr. il S.C 31.0 + 4.3 
10 Idem 2 & 28.5 =— 6.5 

5 Papaverine HCl 100 Ns 54.9 + 10.6 
10 Idem 200* rhe 21.7 + 10.7 
10 4 400* “e 6.64 6.7 

5 ye 200* Oral 54.5 + 9.2 

5 ae 400* ae 32.0+ 6.3 
10 Dieyclomine HCl 125 S.C. 38.84 5.5 

5 Idem 250* 2 214.34 5.4 
10 Adiphenine HCl 200* me Dore t= See 
10 Hexamethonium br. 2 ue 53.6 + 11.2 
10 Idem 4 uy 41.04 9.5 
10' 23 8 2 31.94 8.2 

5 2 16 y 37.1 + 10.6 


* Symptoms of depression. 


tent to which acetylcholine blocking capacity, 
ganglionic blocking capacity, or direct smooth 
muscle inhibiting capacity of a compound 
contributes to its total antipropulsive action. 
Additional use of a similar im vivo test, which 
would allow comparison of effect of the drug 
on both normal and hyperactive states of in- 
testinal smooth muscle of the same species, 
should help answer this question. 

Methods. Adult rats of the Mead Johnson 
colony (McCollum strain) and of either sex 
weighing between 200 and 400 g were caged 
without food and water for 24 hours prior to 
experiment. The test drug was injected sub- 
cutaneously and followed immediately by sub- 
cutaneous dose of 40 units/kg of insulin 
(Squibb), each in 2 ml/kg volume, and each 
injected at a different site. Thirty minutes 


t Distance to farthest point of charcoal. 


later 5 ml/kg of the charcoal mixture (6% 
charcoal and 1% methocel 400 in water) was 
administered orally. Forty minutes after ad- 
ministration of the charcoal mix the animals 
were sacrificed with diethyl ether and 
stomach and small intestine removed. The 
distance from the stomach to the nearest area 
which contained the first one cm, or more, of 
charcoal and also the distance from stomach 
to farthest point containing one cm or more 
of charcoal, were expressed as % of total 
length of small intestine. The insulin-treated 
rats were somewhat physically depressed but 
in experiments on 800 rats, only one convul- 
sion was seen during the 40-minute waiting 
period. Distribution of the charcoal mixture 
in insulin-treated rats is different from that 
in the Macht and Barba-Gose rats and to our 
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knowledge the distribution in insulin-treated 
animals has never been described. Forty to 
50 minutes after oral administration of 5 ml/ 
kg of charcoal mixture, according to the pro- 
cedure of Macht and Barba-Gose, this mix- 
ture is rather uniformly distributed in the 
proximal 60% of small intestine and the 
stomach appears to be rather full. In the in- 
sulin-treated rats the stomach is small and 
firm with relatively little retained material. 
No charcoal mix is found in the proximal 
34% of the intestine (average of 60 rats), and 
the farthest point containing one cm or more 
of the charcoal is usually 70 to 80% of length 
of small intestine. The major, and most con- 
sistent, result of insulin administration was 
the “cleaning out” of stomach and proximal 
34% of small intestine. This result is appar- 
ently in agreement with the conception that 
the predominant effect of insulin is exerted, 
via autonomic nerves, from hypoglycemic 
stimulation of vagal centers in the central 
nervous system and that the stomach and 
more proximal portions of the gastrointestinal 
tract are more richly supplied with vagal fi- 
bers(2). It was found that there was an ap- 
proximately linear relationship between the 
log-dose of antipropulsive agents and the av- 
erage inhibition of insulin effect as determined 
by measuring the distances from stomach to 
beginning of charcoal mix. Although insulin 
caused an increase in the distance traversed 
by the farthest portion of the charcoal mix, 
this increase was not well defined, and it soon 
became apparent that there may be no rela- 
tionship between the effect of a drug on in- 
hibiting the “cleaning out” action and reduc- 
ing the distance of the farthest point of travel. 
This latter measurement was therefore not 
used in determining ability of drugs to an- 
tagonize ‘the hyperpropulsive effects of in- 
sulin. The procedure employed in the char- 
coal meal test was the same except that rats 
received no insulin, and the farthest point at 
which one cm or more of the charcoal mix 
was found was used to calculate the % intes- 
tine traversed. The difference in this distance 
between treated rats and control rats was ex- 
pressed as % inhibition. Effectiveness of the 
following antispasmodic agents was compared 
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TABLE II. Effect of Drugs on Gastrointestinal 
Hyperpropulsion Induced by Subcut. Admin. of 
Insulin in the Rat. 


Avg 
distance,* 
stomach to 


Route chare’] mix 
No. of Dose, of at 40 min., 
rats Agent mg/kg admin %+S8.D. 
60 None 34.44 8.2 
10 Atropine SO, ll S.C. 21.2 +11.0 
by Idem 25 ey 18.9 + 7.2 
10 e 5 66+ 44 
10 ie 1 Oral 275 ==>5 
20 Be 2 43 15.3 +16.4 
10 a 4 "2 47+ 4.8 
10 Methantheline 3) S.C. 19.4+ 7.2 
10 br. 2 3 79+ 6.5 
5 Idem 4 5.5 + 4.3 
10 & 40 Oral 20.9 +10.3 
15 * 80 24 7.54 5.0 
10 Seopolamine 0125 S.C. 24.74 5.3 
10 methylbr. .05 S 15.24 4.2 
10 Idem AS #4 0 
10 a 4 Oral 20.0 +13.7 
10 72 8 ed 15.24 4.6 
10 3 12.5 ‘J 26+ 4.2 
10 Papaverine HCl 12.5 S.C 18.3 + 6.5 
10 Idem 25 2 14.8 + 6.7 
10 x 50 28+ 0.3 
10 tAdiphenine HCl 50 2 19.4 +14.1 
5 Idem 100 i 18.1 + 2.6 
10 Dicyclomine 5 ee 22.0 + 4.6 
10 HCl 10 te 20.0 + 9.1 
10 Idem 20 a 14.8+ 6.8 
10 Hexametho- 1 244+ 8.6 
10 nium br. 2, 16.24 5.4 
5 Idem 4 0 


+ Commercially 
glucose, 


available solution containing 


in the 2 tests: atropine sulfate, papaverine 
hydrochloride, methantheline bromide (Ban- 
thine), adiphenine hydrochloride (Trasen- 
tine), dicyclomine hydrochloride (Bentyl), 
scopolamine methylbromide (Pamine), and 
hexamethonium bromide. All 
based on weight of the salt. 

Results. Table I and Table II list the re- 
sults obtained in the charcoal meal test and 
insulin test. ‘Since some investigators have 
administered the compounds orally and uti- 
lized a 20-minute waiting period in their char- 
coal meal tests, some data obtained in this 
manner are included for purposes of compari- 
son. 


The relative potency of each drug in both 


doses were 
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TABLE III. Comparison of Poteney of Several 
Antipropulsive Agents as Measured by Different 
Methods in the Intact Rat. 


Insulin 
Charcoal antipro- Ratio, 
meal pulsion ehar. meal 
test test ED../insu- 
Drug S.C. ED,.* (mg/kg) lin ED, 
Atropine SO, 2.4 146 16.4 
Methantheline br. 16.5 .66 29.0 
Scopolamine methylbr. 1.05 028 37.5 
Papaverine HCl 165 15.5 10.6 
Dicyclomine HCl 157 13.0 12.1 
Hexamethonium br. St 1.82 4.61 


* ED; was determined from log dose-response 
relationships and represents approximate dose re- 
quired to produce an avg of 50% inhibition of pro- 
pulsion as described in methods. 

t+ Produced an avg of 48% inhibition in group 
of 10 rats. 


the charcoal meal test and insulin antipropul- 
sion test is shown in Table III. To eliminate 
variability of absorption from the gut, all 
comparisons were made from data obtained 
with subcutaneous injections of antipropul- 
Sive agents. 

The slopes of the log dose-response lines for 
atropine, methantheline and _ scopolamine 
methylbromide in the insulin antipropulsive 
test were very similar, while those of dicyclo- 
mine and papaverine were much flatter but 
similar to each other. With the exception of 
scopolamine methylbromide and _ hexame- 
thonium bromide, antipropulsive potencies, 
relative to atropine, were quite similar in 
either test. Papaverine and dicyclomine, when 
compared to atropine, were more effective in 
the charcoal meal test and relatively less ef- 
fective in the insulin test, whereas the reverse 
was true for methantheline and especially 
scopolamine methylbromide. The results in- 
dicate that the more a compound relies upon 
its papaverine-like effects to inhibit normal 
propulsion, the nearer to unity will be the 
ratio between the EDs, in the two tests. 

The data summarized in Table IV give 
some indication of the specificity and limita- 
tions of the insulin antipropulsion test. The 
results are in agreement with the general con- 
cepts of the actions of these drugs except in 
the case of dibenamine and phentolamine. 
Despite the fact that the known peripheral 
effects of these agents would not be expected 
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to interfere with the insulin-induced hyper- 
motility, it is seen that they are capable of 
producing pronounced inhibition in doses in- 
capable of affecting normal propulsion. The 
possibilities of parasympathetic ganglionic 
blocking action or a central blocking action 
are now being investigated. 


Discussion. Methantheline is known to 
possess approximately 1% the ganglionic 
blocking capacity of hexamethonium(3), and 
since it was only half as potent as hexame- 
thonium in the charcoal meal test, its gangli- 
onic action was probably of importance. In 
the insulin antipropulsion test, on the other 
hand, methantheline was 3 times as potent as 
hexamethonium, making available only % 
the necessary ganglionic blocking activity re- 
quired to reduce insulin-induced propulsion. 
The fact that hexamethonium was so efficient 
in abolishing hyperpropulsive action of in- 
sulin is consistent with the idea that extrinsic 
nerve impulses affect the increased motility of 
the gut. The inhibitory effect exerted by pro- 
caine and lidocaine is probably due to ability 
of these agents to interfere with ganglionic 
transmission. The comparative potency of 
various ganglionic blocking agents will be the 
subject of a subsequent report. 


TABLE IV. Effect of Subcutaneous Injections of 
Various Agents on Normal Propulsion and Insu- 
lin-Induced Hyperpropulsion in the Intact Rat. 


% inhibition 


Insulin 

Charcoal antipro- 

No. of Dose, meal pulsion 
rats Agent mg/kg test test 

10 Hexamethonium il 29.1 

10 br. 2 12.9 53.0 
5 Idem + 33.4 100.0 

10 “a 8 48.2 
5 i“ 16 40.0 
5 Pyrilamine maleate 2 0 0 

(Neoantergan ) 

10 Phenoxybenzamine  .1 39.1 
5 (Dibenzyline ) 1 0 100.0 
5 Phenoxybenzamine 10 41.7 

10 Phentolamine HCl 2 28.8 

10 (Regitine) 2 0 72.8 

10 Idem 10 16.6 

10 Proeaine HCl 6 31.3 
5 Idem 40 23.0 

10 Lidocaine HCl 2 46.6 
5 (Xylocaine) 10 4.0 
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Atropine appears to be definitely limited 
in its ability to inhibit normal propulsion as 
shown by the fact that a subcutaneous dose of 
2 mg/kg is apparently as effective as 16 times 
that dose. The results suggest that higher 
doses of atropine introduce a factor which 
opposes peripheral inhibition of propulsion. 
An exaggeration of this phenomenon could 
be expected in the case of new synthetic 
agents whose actions may be less specific than 
those of atropine and other agents included 
in this report. 

The insulin antipropulsion test has several 
advantages over the charcoal meal test for 
comparing activity of new antipropulsive 
agents. Besides economy and convenience af- 
forded by the fact that smaller doses of drugs 
are required, one is much less likely to en- 
counter unwanted side effects which may pre- 
vent a true evaluation of the antipropulsive 
potency. Because papaverine-like agents, in 
otherwise asymptomatic doses, are capable of 
producing pronounced inhibition of the pro- 
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pulsive effect of insulin, one is much less 
likely to overlook an important agent of this — 
type. Finally, a comparison of the effect of 
the compound in both tests may be very in- 
formative. 

Summary. A new intestinal antipropulsive 
test in intact insulin-treated rat is described. 
The insulin test provides certain advantages 
over the commonly-used charcoal meal test 
for screening of synthetic antispasmodic or 
antipropulsive agents. The use of both tests 
permits determination of the effect of the 
agent on both normal and hyperactive states 
of intestinal muscle and provides information 
relative to the mechanism of action of the 
agent. The specificity and some limitations 
of the test are discussed. 
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macol. and Chemotherap., 1954, v9, 218. 
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Glomerular Filtration Rate and Renal Plasma Flow in Cholera and Acute 


Gastroenteritis. 


(23046) 


SACHCHIDANANDA BANERJEE AND HARENDRANATH GHOSH 
Department of Physiology, Presidency College, Calcutta, India. 


Cholera is characterized by acute purging 
and vomiting leading to marked dehydration 
of body and acute depletion of plasma vol- 
ume. The renal plasma flow is likely to be 
interfered with and either transitory or per- 
manent damage to kidney might be possible. 
Death is mostly due to development of anuria 
which indicates failure of function of the 
kidney. Hence assessment of kidney func- 
tions is of importance to predict prognosis, to 
learn progress of the disease and to suggest 
treatment. Anuria is invariably present but 
not so in conditions of acute gastroenteritis, 
though clinical features resemble each other 
closely. Whether the hemodynamic factors 
in the formation of urine are altered in the 
above 2 conditions, either due to effect of 
specific toxins or to depletion of plasma vol- 


ume, remains to be elucidated. In the pres- 
ent investigation glomerular filtration rate 
and renal plasma flow were determined in 
patients suffering from cholera and acute gas- 
troenteritis. The same studies were also car- 
ried out in normal persons for comparison. 
Methods. Selection of cases. All patients 
suffering from cholera and gastroenteritis ad- 
mitted into the Nilratan Sircar Medical Col- 
lege Hospitals, with clinical features of acute 
purging, vomiting and showing signs of de- 
hydration were selected. As soon as patients 
were admitted, their dehydration was cor- 
rected by transfusion of hypertonic saline 
followed by normal saline with sodium bi- 
carbonate or hypertonic glucose(25%) with 
calcium gluconate and ascorbic acid. Patients 
whose stool on culture did not show vibrio 
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cholerae were taken to be cases suffering from 
acute gastroenteritis. When dehydration was 
controlled, there was improvement in clinical 
condition and normal urination was_ estab- 
lished 2 to 13 days from onset of the disease, 
glomerular filtration rate and renal plasma 
flow were determined by inulin and _para- 
amino hippuric acid clearance tests respec- 
tively. Patients admitted into the surgical 
ward with fracture of long bones, hernia, hy- 
drocele, gun shot injury of limbs, etc., when 
recovered and fit to be discharged were se- 
lected as normal subjects for determination 
of inulin and para-amino hippuric acid 
(PAHA) clearance tests. These patients 
came from the same strata of society as those 
suffering from cholera and acute gastroenter- 
itis. Inulin and PAHA clearance tests. For 
measurement of glomerular filtration rate, in- 
ulin and for measurement of renal plasma 
flow PAHA, were used as test substances. 
Subjects drank 40 oz water, one hour before 
the test, in the morning after breakfast. A 
sterile rubber catheter was passed and re- 
tained to drain the urinary bladder continu- 
ously. The bladder was evacuated continu- 
ously and a portion of urine kept to be used 
as blank. 5 cc blood was withdrawn from the 
anticubital vein and through the same needle 
30 ce freshly prepared 10% inulin in normal 
saline mixed with 4 cc 20% PAHA dissolved 
in normal sodium hydroxide were introduced, 
and the time when the injection was com- 
pleted was noted. The needle was then fitted 
to a transfusion set and 250 cc of .9% sodium 
chloride containing 35 cc of 10% inulin and 
10 cc of 20% PAHA, were introduced at 4 
cc/minute. At intervals of 30, 50 and 90 
minutes after injection, 5 cc blood samples 
were withdrawn from the anticubital vein of 
the other arm. Urine samples which accu- 
mulated during each experimental period were 
also separately collected and every time the 
bladder was washed with 20 cc saline followed 
by injection of air. The washings were mixed 
with urine and total volume of urine collected 
during each experimental period noted. After 
collection of final sample of blood and urine, 
the catheter and injection needle were re- 
moved. Blood samples were collected in vials 
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TABLE I. Inulin and PAHA Clearance Values in 
Normal Subjects and in Patients Suffering from 
Cholera. 


Inulin elear- PAHA clear- 
ance (glomer- ance (renal 
ular filtration plasma flow), 

Subjects rate), ¢¢/min. ee/min. 
Cholera (14) 60 + 12* 272 + 46 
Normal (19) ll44+ 8 O17 + 46 


Diff. of means 54 245 
Stand. error of diff. 62.44 
3.8 3.9 
* Mean + stand. error. 

Figures in parentheses indicate No. of subjects. 


TABLE II. Inulin and PAHA Clearance Values 
in 6 Patients Suffering from Acute Gastroenteritis. 


Inulin clearance, 
ee/min. 


PAHA elearanece, 
cee/min. 


193 + 64 


41 + 16 


containing a mixture of ammonium and _ po- 
tassium oxalate crystals. Some subjects had 
shivering during the transfusion. Inulin was 
estimated by the method of Roe(1) and 
PAHA by the method of Bratton and Mar- 
shall(2). From total amount of inulin and 
PAHA excreted in the urine samples, col- 
lected between 30 and 50 minutes and be- 
tween 50 and 70 minutes after injection of 
these solutions, amounts of these substances 
excreted in urine/minute were calculated. 
From plasma concentration of inulin and 
PAHA, volume of blood plasma cleared of 
these substances in urine in one minute was 
calculated. The results are given in Tables 
I and II. 

Results. Inulin clearance (glomerular fil- 
tration rate) was 114 cc/minute in normal 
subjects, 60 cc in cholera patients and 41 cc 
in patients suffering from acute gastroenter- 
itis. PAHA clearance (renal plasma flow) 
was 517 cc/minute in normal subjects, 272 
in cholera patients and 193 cc in patients suf- 
fering from acute gastroenteritis. 

Discussion. In patients suffering from 
cholera and acute gastroenteritis both the 
values for glomerular filtration rate and renal 
plasma flow were diminished and the differ- 
ences were statistically significant. From 
postmortem studies on kidney of patients 
who died of shock, Bywaters and Dible(3) 
reported pallor of cortex and congestion of 
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medulla. They could not account for such 
changes in the kidney. Trueta et al.(4) 
ascribed this interference of blood flow to 
persistent arterial spasm demonstrated ex- 
perimentally to accompany shock. Tomb(5) 
was of the opinion that anuria and renal dam- 
age in shock were due to anoxia of the kid- 
ney. De and Sen Gupta(6) demonstrated 
evidence of cortico-medullary diversion of 
blood flow in the kidneys, in shock associated 
with various surgical and obstetrical condi- 
tions and in cholera. All patients suffering 
from cholera, who were investigated, survived 
and became normal. This excluded any pos- 
sibility of permanent parenchymatous lesion 
in kidneys. Therefore in conditions like chol- 
era where acute purging and vomiting results 
in circulatory deficiency, the cortico-medul- 
lary diversion of blood flow might take place. 
The diminished circulatory blood volume in 
acute stage of cholera might produce anoxia 
resulting in renal cortical vasospasm and di- 
version of blood flow through the medulla. 
The low figures obtained in clearance values 
are the result of diminished blood flow. This 
state of circulation persists for a number of 
days, even after correction of circulatory de- 
ficiency. If renal anoxia is of short duration, 
so as not to cause permanent damage to the 
kidney, normal circulation is gradually es- 
tablished with the onset of diuresis. It has, 
however, been shown that no change in oxy- 
gen content of whole blood of cholera patients 
takes place(7). 

The clearance values obtained in patients 
suffering from acute gastroenteritis were simi- 
lar to those of cholera cases. These observa- 
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tions are likely to exclude the possibility of , 


any specific toxin acting on the kidney. 

Summary. Glomerular filtration rate and 
renal plasma flow were determined by inulin 
and para-amino hippuric acid clearance tests 
in 19 normal subjects, in 14 cholera patients 
and in 6 patients suffering from acute gastro- 
enteritis. In patients suffering from cholera 
and acute gastroenteritis, glomerular filtra- 
tion rate and renal plasma flow were greatly 
diminished to the same degree, when these 
patients had apparently normal urination 
after transfusion of saline. The diminished 
clearance values might be due to renal anoxia 
causing temporary diminution in blood flow 
through the cortex of the kidney and not due 
to any specific toxins of the disease. 


We are indebted to Dr. A. K. Datta Gupta, 
superintendent and Dr. M. Ghosh and Dr. A. Man- 
dal, physicians of Nilratan Sircar Medical College 
Hospitals, Calcutta for the facilities provided. 
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Antagonistic Effect of Thiocarbanilide on 4,4’-Dinitrocarbanilide, 


A Component of Nicarbazin. 


(23047) 


ASHTON C. CucKLER, DoNaLp PoLIn AND Curt C. PorTER 
(Introduced by H. J. Robinson) 
Merck Institute for Therapeutic Research, Rahway, N. J. 


During the course of studies on compounds 
related to nicarbazin, a complex of 4, 4’-dini- 
trocarbanilide and 2-hydroxy-4, 6-dimethyl- 
pyrimidine, it was observed that most of these 
compounds were ineffective as anticoccidial 
agents(1). Thiocarbanilide and several of 
its derivatives were among the ineffective 
compounds. Since structural analogues may 
competitively antagonize the pharmacological 
effects of certain drugs(2), we explored sev- 
eral compounds structurally similar to 4, 4’- 
dinitrocarbanilide (DNC), the active com- 
ponent in nicarbazin, for antagonistic effect 
on this anticoccidial agent. The results pre- 
sented in this paper show that thiocarbanilide 
will competitively antagonize the anticoccidial 
and egg shell depigmenting(3) effects of ni- 
carbazin. 

Materials and methods. The compounds 
studied were supplied by Dr. L. H. Sarett 
and Dr. R. C. O’Neill.* The standardized 
methods described by Cuckler, Malanga and 
Ott(4) were used for evaluating anticoccidial 
activity of combinations of compounds. 
Analyses for DNC(5) were made on plasma 
samples from chicks on day 8 and plasma and 
yolk samples from hens on days 10-12. The 
depigmenting effect of nicarbazin on egg shell 
color was determined by the following 
method. A series of 8 shells, each graded in 
0.5 units and varying in shade of color from 
chalk white (0) to deep brown (4) were main- 
tained as index for color scoring. A new set 
of shells was prepared weekly. Shell scores 
for each hen were obtained during 7 to 10-day 
control period and during experimental period 
of 10-12 days. Color scores of the first 3 days 
of production during the experimental period 
were excluded from data to eliminate the pe- 
riod of sub-maximal drug effect on shell pig- 
mentation. 


Results. The following compounds, struc- 


* Merck, Sharp and Dohme Research Laboratories. 


turally related to 4, 4’-dinitrocarbanilide, were 
examined for antagonistic effect on the anti- 
coccidial activity of nicarbazin: 4, 4’-dinitro- 
carbanilide; 2, 2’-dinitrocarbanilide; N, N’- 
diallyl-4, 4’-dinitrocarbanilide; N, N’-di(4- 
nitrophenyl)-p-nitrobenzamide; 4, 4’-dinitro- 
benzanilide; 4, 4’-dinitroazobenzene; 4, 4’-di- 
chlorocarbanilide; 4, 4’-difluorocarbanilide; 
4, 4’-disulfamylcarbanilide; thiourea; sulfathi- 
ourea; phenylthiourea; thiocarbanilide; 3, 3’- 
dichlorothiocarbanilide; and 4, 4’-dichloro- 
thiocarbanilide. The last 3 compounds listed 
inhibited the anticoccidial effect of nicarbazin 
in a 1 to 1 ratio or less, whereas all other com- 
pounds were ineffective. Thiocarbanilide 
(sym. diphenylthiourea) was selected for fur- 
ther studies. 


As shown in Table I, 1 part of thiocarbanil- 
ide to 4 of nicarbazin in the feed of chickens 
partially antagonized the protective effect of 
nicarbazin on mortality resulting from cecal 
coccidiosis. Higher concentrations of thio- 
carbanilide in the feed completely antagonized 
the anticoccidial effect of nicarbazin. The 
antagonistic effect of thiocarbanilide was also 
shown by the increased number of oocysts 
produced in chicks fed mixtures of thiocar- 
banilide and nicarbazin in ratios of 1 to 4 or 
less. re 

Thiocarbanilide may be administered par- 
enterally and still exert its antagonistic effect 
on nicarbazin. For example, the data showed 
that thiocarbanilide, when administered in 
daily subcutaneous dosage of 12 mg/kg of 
body weight, completely inhibited the protec- 
tive effect of 0.015% nicarbazin on mortality 
from cecal coccidiosis (Table Il). A daily 
subcutaneous dosage of 50 mg of thiocar- 
banilide/kg body weight was required to an- 
tagonize the anticoccidial effect of 0.03% ni- 
carbazin in the feed. When the amount of 
nicarbazin was further increased to 0.06% in 
the feed, thiocarbanilide in a subcutaneous 
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TABLE I. Effect of Graded Feed Concentrations of Thiocarbanilide on Therapeutic Activity 
and Plasma Levels in Chicks Fed 0.015% Nicarbazin. 
EEE EEE eee — 


% coccidiosis 


Millions of oocysts 


% thioear- mortality ¢ produced /chick DNG, y/ce plasma 
nilide > a = 
He feed Conte) NCBI; Cont. NCB Cont. NCB 
0 35 0 33 <0.1 0 1.41 
.0045 0 a Lk2 
.0009 0 if 1.33 
0019 0 2 1.22 
.0038 15 31 68 
0075 40 29 58 
015 15 59 43 
030 40 60 29 62 0 


* Cont. = Non-medicated feed. 


dosage of 100 mg/kg of body weight had only 
slight antagonistic effect. Furthermore, when 
thiocarbanilide was administered subcutane- 
ously, a daily dosage of 6 mg/kg of body 
weight completely antagonized the suppres- 
sive effect of 0.015% nicarbazin on oocyst 
formation. Larger dosages of thiocarbanilide 
were required to antagonize the oocyst sup- 
pressing effect of 0.03 and 0.06% nicarbazin 
in the feed. 

The antagonistic effect of thiocarbanilide 
for nicarbazin appears correlated with blood 
concentrations of DNC obtained in the chicks. 
When chicks were fed 0.015% nicarbazin, the 
plasma concentration of DNC was about 1.5 
y/ml (Tables I, Il). However, by the sub- 
cutaneous administration of thiocarbanilide 
in a dosage of 100 mg/kg, the concentration 
of DNC in blood may be decreased to a non- 
detectable level. Likewise, simultaneous feed- 
ing of ration containing thiocarbanilide and 
nicarbazin in a 1 to 1 ratio reduced the con- 
centration of DNC in the blood to about 25% 


+ NCB — 0.015% nicarbazin in feed 


t 20 chicks/group. 


of that obtained with nicarbazin alone. 
Further evidence of the antagonistic effect 
of thiocarbanilide for nicarbazin was obtained 
when feeds containing both compounds in 
various ratios were fed to laying hens. When 
nicarbazin alone was fed to heavy breed hens, 
which normally lay brown shell eggs, the 
shells had considerably less pigmentation. 
However, when nicarbazin and _ thiocarbanil- 
ide were fed simultaneously in a 1 to 1 ratio, 
the depigmenting effect of nicarbazin was 
completely nullified (Table III). When feed 
mixtures containing thiocarbanilide and nicar- 
bazin in ratios of 1 to 2 were fed, the depig- 
menting effect of nicarbazin on egg shells was 
only partially antagonized. Plasma levels of 
DNC in hens fed nicarbazin and thiocarban- 
ilide in a 1 to 1 ratio were considerably less 
than in hens fed only nicarbazin (Table III). 
Also, hens fed rations containing both nicar- 
bazin and thiocarbanilide produced eggs with 
less DNC in the yolk than in those from hens 
fed nicarbazin alone. Presumably, these de- 


TABLE II. Effect of Subcutaneous Dosages of Thiocarbanilide on the Therapeutie Activity 
and Plasma Levels in Chicks Fed 0.015% Niearbazin. 
Subeut. % coccidiosis Millions of ooeysts 


dose thio- 
earbanilide, 


mortality t 


produced/chiek 


DNC, y/ml plasma 


\ = x ra y 

mg/kg/day * Cont.t NCBt Cont. NCB Cont. NCB 

0 18 0 28 20 0 1.61 

1.5 30 ) 20 ik 1.48 

3 30 0 21 1 1.01 

6 30 0) 25 24 .80 

12 0 40 16 12 04 

25 0 20 19 12 “1 

50 20 30 6 13 13 

100 60 90 8 41 0 
* Admin, daily throughout experiment. + Cont. = Non-medieated feed; NCB = 0.015% 


niearbazin in feed. { 20 chicks/group. 
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TABLE III. Effect of Thioearbanilide on Egg 
Shell Color-Score and Plasma and Yolk Concentra- 
tions of DNC during Feeding of Nicarbazin. 


Shell DNC cone. 
%nicar- % thio- color score 
bazin earbanil- period Plasma, Yolk, 
infeed ideinfeed Cont. Exp. y/ml y/g 
008 None 2.9 9) 2.45 9.34 
.002 2.5 ae 99 11.10 
004 3.2 2.8 1.16 5.70 
008 2.7 2.8 96 5.07 
.0120 None 3.2 3) 20.55 
.003 2.8 2 1.98 21.20 
.006 3.7 1) 1.54 15.50 
.0120 2.1 2.1 78 9.52 
.020 2.9 2.8 33 1.25 
0125 None 3.5 a) 2.02 20.4 
.0125 3.9 3.5 
.025 2.9 2.3 52 1.85 


creased plasma and yolk DNC levels reflected 
a decreased assimilation of nicarbazin by the 
laying hen because of the thiocarbanilide in 
the feed. 

Discussion. The anticoccidial and egg shell 
depigmenting effects of nicarbazin are related 
to the amount of DNC absorbed from the in- 
testinal tract. Plasma levels of DNC are 
correlated with both of these effects, which in 
turn are proportional to concentration of ni- 
carbazin in feed(4,6). Thiocarbanilide ef- 
fectively antagonized the anticoccidial activ- 
ity and shell depigmenting effect of the struc- 
turally related component (DNC) of nicar- 
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bazin. The antagonism occurred either by 
feeding or injecting thiocarbanilide and si- 
multaneously feeding nicarbazin. Thus, the 
decreased plasma and yolk DNC concentra- 
tions caused by thiocarbanilide appear to be 
due to an interference with nicarbazin ab- 
sorption. 

Summary. 1) Thiocarbanilide, in a 1 to 1 
ratio or less, effectively inhibited the anti- 
coccidial activity of nicarbazin when given 
parenterally as well as orally. 2) Thiocar- 
banilide also antagonized the effect of nicar- 
bazin on the depigmentation of egg shell 
color. 3) In both instances, the antagonistic 
effect of thiocarbanilide was correlated with 
decreased plasma concentrations of dinitro- 
carbanilide. 4) It is suggested that thiocar- 
banilide may interfere with the activity of 
nicarbazin through competition in absorption. 


de Cuckler, Ae @.,, Malanga, CC] Mie Basso, AI... 
and O’Neill, R. C.,. Science, 1955, v122, 244. 

2. Woolley, D. W., A study of metabolites, John 
Wiley & Sons, Inc., 1952. 

3. McClary, C. F., Poult. Scz., 1955, v34, 1164. 

4. Cuckler, A. C., Malanga, C. M., and Ott, W. H., 
ibid., 1956, v35, 98. 
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Influence of Beta-Aminopropionitrile upon Development of Connective 


Tissue in Croton Oil Pouches. 


(23048) 


J. E. Mierke, J. J. Laticy,* anp D. Murray ANGEVINE 
Department of Pathology, University of Wisconsin Medical School, Madison. 


Injection of air and dilute croton oil into 
subcutaneous tissues of rats produces a well- 
defined pouch(1). The wall of the pouch 


after 6 days is composed principally of fibro- 


blasts and minimal numbers of blood vessels. 
When _beta-aminopropionitrile (BAPN) is 
fed to rats daily in drinking water, the devel- 
opment of a croton oil pouch is retarded. Be- 


* Supported by research grant from U.S.P.HS., 
N.LH. 


cause BAPN retards development of croton 
oil pouches, it seemed desirable to examine 
gross and microscopic findings in these 
pouches, and to analyze some important con- 
stituents of connective tissue to resolve 
whether there are also differences in concen- 
tration of such components. The 2 compon- 
ents selected for analyses were hexosamine 
and hydroxyproline. These constituents 
were chosen because hexosamines are an im- 
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FIG. 1. Highteen day croton oil pouch from control rat approximately actual size. Note 
relatively smooth exterior and well developed capsule. 

FIG. 2. Two 18 day pouches from test animals are collapsed, smaller and their surfaces ir- 
regular. 

FIG. 3. Section of capsule from control pouch stained with hematoxylin and eosin. Fibro- 
blasts tend to align along one plane. Many nuclei are fusiform and collagen is abundant. X 350. 

FIG: 4. Immature fibroblasts with round nuclei are numerous and collagen synthesis is 
diminished. > 350. 


portant component of ground substance(2); Each day, to every 100 ml of drinking water, 
whereas, hydroxyproline is indicative of con- 0.2 ml of concentrated alkaline BAPN kept 


centration of collagen(3). 


Paria Laborntors Chow Ralston Purina Co, 


Method. Rats were fed a commercial diet.t St. Louis, Mo. 
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at 4°C was added, and this was offered to 18 
rats with croton oil pouches. Three control 
and 3 test rats were killed after 6, 12, and 18 
days. The pouches were carefully dissected 
from surrounding areolar tissue, care taken 
to exclude visible blood vessels. The inner 
surface of each pouch was scraped to remove 
fibrin and inflammatory cells. After several 
washings in cold (2-4°C) physiologic saline, 
the pouches were weighed and sections made 
for microscopy. Thereafter, the pouches were 
cut into 2-4 mm pieces and placed into 5 ml 
of cold 4% perchloric acid. At this stage, 
pouch walls with areas of hemorrhage or ne- 
crosis were discarded. The tissues were 
frozen in liquid air and pulverized in a mor- 
tar. The pulverized protein was then sub- 
jected to extraction in perchloric acid, ethanol, 
and ether as recommended by Muller and 
Herranen(4). Total volume of perchloric 
acid washings was recorded. Filtered aliquots 
of perchloric acid washings were subjected to 
micro Kjeldahl digestion, and total acid sol- 
uble nitrogen calculated. Lipids were ex- 
tracted from the protein by repeated ethanol 
and ether extractions. Total dry, fat free 
protein residues were weighed in each case. 
Ten mg of protein’ was hydrolyzed in 1 ml 
of 4 N HCl acid for 15 hours at 100°C. These 
acid hydrolysates were used for determina- 
tion of hexosamine by the Boas method(5) 
and hydroxyproline concentration by the 
method of Neuman and Logan(3). Aliquots 
of acid hydrolysate were also subjected to 
micro Kjeldahl digestion to determine per 
cent of N in the protein residue. 


Results. The results are shown in Tables 
lean alin 
Gross. The test pouches were poorly 


formed, ill-defined from surrounding areolar 
connective tissue, and many were collapsed 
(Fig. 1). They were smaller, both in size 
and in wet and dry weight as compared to 
corresponding control pouches. Comparable 
quantities of oil were obtained in collapsed 
and control pouches. The pouch from only 
1 of 9 rats (No. 16) was comparable in 
weight to those of control rats (Table II). 
Microscopic. The microscopic findings are 
summarized in Table I. The presence of an 
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TABLE I. Microscopie Observation of Croton Oil 
Pouches from Normal and Test Rats Fed BAPN. 


Schiff 3 


Fibroblastie positive 


Rat No. maturation . material Organization 

Control, Day 6 7 ea 

1 2 2+ 2+ 

2 2 3+ + 

3 3+ 2+ + 
Day 12 

4 4 + 2- 

5 3+ - 24 

6 3+ 2+ 3+ 
Day 18 

8 4 4: os 

4+ ~ i 

12 44. ~ 4-- 
Test, Day 6 

13 Si ae + 

is r 3+ 2 

15 i 3+ - 
Day 12 

16 o+ Bae de 

ily 2-- 3+ 2+ 

18 & 24* 

Day 18 

25+ + 44 4 

29 2+ 4+ + 

33t + 4+ + 


* Tissue used for chemical study only. 
+ From a second series of rats which were given 
0.15 instead of 0.2 ml/100 ml of drinking water. 


increase in number of fibroblasts with. large 
spherical nuclei associated with less collagen 
fibers in the stroma per unit area is inter- 
preted as a delay in the rate of maturation of 
fibrocytes. Such alterations were more pro- 
nounced in test pouches. An attempt was 
also made to evaluate the degree of fibroblas- 
tic maturation (1-4-+) at 6, 12 and 18 days 
depending upon’ the abundance of collagen 
and the presence of immature (spherical) or 
mature (fusiform) nuclei. ‘The organization 
or alignment of fibroblasts and collagen fibers 
parallel to the surface of the pouch'wall was 
also. investigated. Interference with align- 
ment of collagen fibers, and fibroblasts with 
respect to the surface was more pronounced 
in the test pouches (Fig. 2 and 3). ‘An ap- 
proximation of fibroblastic orientation in ..re- 
lation to time was graded from 1-4-++ ‘and 
tabulated. In addition to alterations in the 
quantity of collagen and cellular variations 
larger foci of homogeneous eosinophilic ‘ma- 
terial were present in test pouches.  Dupli- 
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: ~proli centrati i i Oil Pouches from Nor- 
E Il. Hexosamine and Hydroxyproline Concentrations in Croton 
ace ie a and Test Rats Fed BAPN. 


Acid : Hydroxy- 
Wt of N. in extractable Hexosamine proline in 
Wet wt of extracted extracted N., % total in extracted exter 
Rat No. pouch,mg protein, mg protein, % N. protein, % ; protein, % j 
ao PT Control, Day 6 
: 02 2.70 
1 1810 138.6 14.2 8.36 1.02 
2 1120 68.9 Sa 9.28 96 Eee 
3 1130 106.2 13.7 10.00 93 2.97 
Day 12 
4 1720 174.8 14.3 1.03 3.98 
5 1700 159.4 14.7 4.1 88 3.80 
1740 149.6 13.9 3.4 94 3.53 
Day 18 
8 1410 124.2 12.9 4.95 92 4.26 
9 1320 W959 13.2 4,52 .98 4.78 
12 1340 O71 13.7 6.82 98 4.16 
Test, Day 6 
13 540 44.6 14.6 13.6 90 1.89 
14 650 33.9 13.3 19.5 93 1.65 
15 1000 57.4 13.1 20.1 1,00 1.65 
Day 12 
16 1450 122.5 14.3 11.6 92 3.66 
17 670 37.8 14.4 18.8 1.06 2.48 
18 & 24* 810 62.5 14.0 14.9 Tal 2.94 
Day 18 
25t 580 42.5 13.5 1.18 1.88 
29t 530 26.8 14.1 82 3.52 
33t 810 35.9 3.52 


14.1 .98 


* Pouches from 2 rats were combined. 


t From a second series of rats which were given 0.15 instead of 0.2 m1/100 ml of drinking 
water. 


cate sections were stained with periodic-acid 
Schiff in each case(6). Examination dis- 
closed that Schiff positive material which is 
localized in the homogeneous foci is more 


12.9 to 14.4%. It is not possible to make any 
correlation between variations in % N and 
age of pouch. The hexosamine concentration 
varied from 0.92 to 1.02 in control pouches. 


abundant in the test pouches. 

Chemical. Weights of pouches before and 
following extraction as well as hydroxypro- 
line and hexosamine concentrations are shown 
in Table IT. Cold perchloric acid extraction 
will dissolve salts, nucleotides and amino 


A variation of this degree is probably inher- 
ent in the method of hexosamine detertnina- 
tion. Although amount of hexosamine in test 
pouches varied somewhat more widely, the 


values appear comparable to those observed 
in controls. 


acids. Acid extraction might also dissolve The hydroxyproline concentration is ex- 
some collagen leaving insoluble collagen pressed as per cent of protein residue because 
for analysis(7). More acid soluble nitro- we wished to investigate variations in hy- 
genous material was obtained from the droxyproline with respect to protein concen- 
test than from control pouches. Whether _ tration. 


this difference is due to extraction of 
nucleic .acids from the immature fibro- 
blasts or the presence of greater quanti- 
ties of an acid soluble protein matrix in the 
stroma of the pouch wall is not known. Nitro- 
gen in the fat free protein residue varied from 


As one would anticipate, the hy- 
droxyproline concentrations are lowest in 6- 
day pouches and gradually increase in con- 
centration with time in the control group. In 
addition to reductions in wet weight and ex- 
tracted protein residue, there is also less hy- 
droxyproline in the dry, fat free protein from 
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the test pouches. Examination of hydroxy- 
proline concentration shows that the levels 
are less in test pouches at 6, 12, and 18 days. 
Whether hydroxyproline is expressed in per 
cent of protein residue or in terms of per 
cent protein N, the concentrations are lower 
in test pouches. Less hydroxyproline is evi- 
dent in 8 of 9 test rats. This decrease in con- 
centration of hydroxyproline in test pouches 
is in agreement with our microscopic observa- 
tions of delayed collagen synthesis. 

Discussion. Feeding BAPN in drinking 
water results in smaller pouches when com- 
pared to those observed in control rats. In 
addition to gross and microscopic observa- 
tions, it is also possible to demonstrate less 
hydroxyproline in the extracted protein from 
test pouches. Abundant quantities of homo- 
geneous eosinophilic material between imma- 
ture fibroblasts might either be ground sub- 
stance or a collagen precursor. The fact that 
hexosamine concentrations were not sig- 
nificantly increased in the extracted test 
pouches suggests that the eosinophilic ma- 
terial either is not ground substance or that 
the mucopolysaccharides were dissolved dur- 
ing perchloric acid extraction. The hexosa- 
mine concentrations of extracted protein resi- 
due from the pouch are approximately double 
the values reported by Boas for areolar tissue 
in young rats(5). Increased hexosamine con- 
centrations in croton oil pouch may be re- 
lated to the presence of immature and meta- 
bolically active fibroblasts. 

Microscopic observation of abundant 
homogeneous eosinophilic material with re- 
duced numbers of collagen fibrils, recoveries 
of proportionately less fat free protein and 
lower concentrations of hydroxyproline in the 
extracted protein from test pouches, all sug- 
gest that BAPN in some way exerts an influ- 
ence on collagen synthesis. The observation 
of increased solubility in perchloric acid of 
pulverized protein from test pouches also sug- 
gests that they differ from normal. Since the 
acid extractable nitrogenous material was not 
analyzed for hydroxyproline it is not possible 
to say whether there is more acid soluble col- 
lagen in the test pouches. 

The fibroplasia which is stimulated by cro- 
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ton oil is sufficient to permit chemical analysis 
with the added advantage that the approxi- 
mate age of fibroblasts is known. Uncor- 
rected collagen of the skin represents 67.8% 
of dry fat free weight when calculated from 
the hydroxyproline content(3). In our 
studies the hydroxyproline concentrations 
varied from 1.65 to 4.78% of extracted pro- 
tein. These concentrations when expressed 
in collagen equivalents indicate that collagen 
varied from 14.1 to 35.6% of extracted pro- 
tein. Robertson and Schwartz have reported 
delayed collagen and hydroxyproline synthe- 
sis in scorbutic guinea pigs injected with ex- 
tracts of Irish moss(8). In their experiments 
the delayed synthesis of collagen is related to 
deficiency of vit. C. BAPN probably effects 
collagen synthesis in some other way because 
the rats in our study did not develop any 
signs of vit. C deficiency. 


Summary. Pouches from control and test 
rats fed BAPN were removed after 6, 12, and 
18 days. Extraneous material such as collec- 
tions of leukocytes, fibrin, and areas of hem- 
orrhage were removed before the pouches 
were extracted in 4% perchloric acid, ethanol, 
and ether. Grossly the test pouches were 
poorly formed, and microscopically they 
showed decrease in fibroblastic maturation 
and collagenic fiber formation with relative 
increase in homogeneous eosinophilic Schiff 
positive material. Fat free protein residue 
was analyzed for hexosamine and hydroxy- 
proline concentration. More nitrogenous ma- 
terial was consistently obtained from test 
pouches during perchloric acid extraction. 
Hexosamine concentration in different 
pouches varied from 0.82 to 1.17% of dry 
fat free protein. Significant alterations with 
age or variations from control values were not 
observed. In control pouches the hydroxy- 
proline concentration gradually increased to 
approximately 4% in 18 days. Hydroxypro- 
line concentrations in the test pouches were 
significantly less than in controls of corre- 
sponding age. 
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Atpo GABARDI AND Don W. Esptin (Introduced by Louis S. Goodman) 
Department of Pharmacology, University of Utah College of Medicine, Salt Lake City. 


The instrument to be described was de- 
veloped to fill the need for an infusion pump 
with which rate of delivery could be continu- 
ously varied over a wide range during injec- 
tion. The present pump has met this need 
and has been employed for 9 months in ex- 
periments on small animals in which rate of 
injection has been critical. 

Details of construction and mode of opera- 
tion of this pump will be apparent from Fig. 
1 and 2. The motor (Bodine Electric Co., 
Chicago, 1/50 H.P., 1725 rpm, with gear 
reduction to 11.5 rpm) turns the first drive 
cone (A). The 4 identical drive cones are 
knurled cast aluminum. The conical portion 
is 4” long and the large and small diameters 
are 3” and .95” respectively. Cone A drives 
cone B by means of rubber ring (%4” by 18” 
circumference) which provides contact be- 
tween the 2 cones. The point of contact of 
the ring with the cones is adjustable by means 
of yoke K, rod L and setscrew M (Fig. 1). 
It can be seen that when the largest portion 
of cone A is driving B, B rotates 3.16 times as 
rapidly as A; conversely, when the smallest 
portion of A is driving B, A rotates at 3.16 
times the speed of B. Thus, a 10-fold range 
of speed is achieved by the first pair of cones. 
Cone C is coupled to B and both turn at the 
same speed. Cone D, however, is driven by 
C through a mechanism identical to that link- 


* Work done in connection with research grant 
from Nat. Inst. of Neurological Diseases and Blind- 
ness, N.I.H. 


ing cones A and B. Range of speed for the 
2 pairs of drive cones is therefore 100-fold. 
To prevent slippage of the cones on the rub- 
ber rings it is necessary to have considerable 
tension on the 2 pairs of drive cones. This is 
achieved by means of the tension frame (N to 
P) which is clearly shown in Fig. 2. This 
frame carries cones B and C on supports N 
and N’ and holds them under tension against 
cones A and D by means of the 2 springs on 
rod O. The springs are turned in opposite 
directions, and tension on them can be varied 
by means of nut and-setscrew P. 

4” shaft F 


Cone D turns the threaded '% 
through the sprocket and chain drive E 
(Fig. 1). The syringe plunger is driven by 
rider G which is carried along as shaft F 
turns. This rider is made of two brass bars 
Y%" x 1” x 4” which are clamped together, and 
drilled and threaded to receive shaft F. The 
2 halves of the rider are then hinged at one 
end and closed with a pivoted pin at the 
other end so that they can be opened and 
moved on F. Also on this rider is bar I 
which can be set to contact switch J and stop 
the pump at any desired position. The syringe 
is held in place by the lucite block H. Two 
cylindrical lucite plugs attached to the holder 
project through holes in the pump mounting 
plate. The holder is removed by lifting ver- 
tically. It is convenient to make several hold- 
ers with identical mounting plugs to accom- 
modate several syringe sizes. About 10 sec- 
onds are required to remove the syringe, refill 


CONTINUOUSLY-VARIABLE INFUSION PuMP 


679 


PIG. 2. 


it and begin the infusion again. The syringe 
drive can be easily modified to handle mul- 
tiple syringes simultaneously. 

Several factors influence the rate of deliv- 
ery from the syringe: 1) speed of the gear 
drive from the motor; 2) relative sizes of the 
cones; 3) relative sizes of the sprockets in 
assembly E; 4) pitch of the threads on shaft 
F; and 5) volume delivered per unit of barrel 
length of the syringe. The present instru- 
ment has a motor drive speed of 11.5 rpm, 
10-fold reduction or acceleration in the cone 
drives (100-fold total variation), 2-fold fixed 
reduction in the sprocket assembly, and 16 
threads per inch on shaft F. Rate of deliv- 
ery is therefore 0.50 to 50 ml per minute with 
a standard 50 ml syringe and 0.15 to 15 ml 
per minute with a 10 ml syringe. Rate of de- 
livery for a given syringe can easily be cali- 


Rear view of infusion pump. 


brated by marks on rods L and L’. Con- 
stancy and reproducibility of infusion rate 
was checked by timing over 6 runs the deliv- 
ery of 10 ml (10 ml syringe) at an arbitrary 
setting. With the setting unchanged, the 
range of times was 3.117 to 3.150 minutes. 
When rods L and L’ were moved and returned 
to the setting the range was 3.107 to 3.177 
minutes. With the setting unchanged the 
range was 3.193 to 3.206 when fluid was de- 
livered against a pressure of 100 cm of water. 


The materials for this infusion pump cost 
approximately $60. No intricate machining 
is required, nor are the adjustinents critical. 
Furthermore, variations in speed, range of 
variation, total capacity, etc. can easily be 
made by certain obvious alterations in the 
instrument which has been described. 


Received January 7, 1957. P.S.E.B.M., 1957, v94. 
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Synergistic Role of Prolactin in Response of Male Rat Sex Accessories 


to Androgen.* 
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Morton D. Cuase, Irvinc I. GESCcHWIND AND Howarp A. BERN 
(Introduced by C. H. Li) 
Department of Zoology, Cancer Research Genetics Laboratory, and Hormone Research Laboratory, 
University of California, Berkeley. 


Huggins and Russell(1) were the first to 
point out that there is greater prostatic 
atrophy following hypophysectomy than fol- 
lowing gonadectomy in the dog. Other work- 
ers(2,3) have reported that hypophysecto- 
mized male rats showed less prostatic re- 
sponse to androgen than did animals that had 
undergone gonadectomy alone. Moreover, 
several investigators(2,4-8) have concluded 
that administration of various pituitary fac- 
tors enhances the response of the ventral 
prostate and other sex accessories to androgen 
(or to interstitial cell-stimulating hormone, 
ICSH, in the presence of the testis). The 
conclusions derived from these investigations 
have often been conflicting, and little control 
has been exercised over the many variables 
(purity and dosages of pituitary hormones, 
age and operative condition of rats). Fur- 
thermore, in regard to enhancement of ICSH 
effects, conclusions obtained in this instance 
do not indicate whether or not the observed 
effects on the accessories of the administered 
pituitary hormone are the result of a direct 
effect upon the sex accessories (7.¢., synergism 
with androgen) or of an increase in androgen 
secretion by the testis (7.e., synergism with 
ICSH) or of both effects. 

The object of the current study was to as- 
certain the effects of lactogenic hormone (pro- 
lactin, LTH) on response of sex accessories 
of hypophysectomized-castrate male rats to 
administration of testosterone propionate 
(TP). The dose of TP employed was one 
which caused doubling of the control ventral 
prostate weights, a response typical of that 
which follows ICSH administration(8). The 


* Aided by Cancer Research Funds of University 
of California and by N.I.H. of U.S.P.H.S. We wish 
to thank Mr. Charles Jordan for technical assis- 
tance and Dr. G. K. Hawkins, Schering Corp., Bloom- 
field, N. J., for supplying testosterone propionate 
(Oreton). 


dose of LTH was similar to that used by 
Segaloff(8) and shown by him to modify the 
response to ICSH administration. The effect 
of pituitary growth hormone (somatotropin, 
STH) was also investigated, but only at dose 
levels selected to control for a possible con- 
tamination by STH in the LTH preparations. 
The use of immature rats at a time long 
enough after castration and hypophysectomy 
to eliminate any effects contributed by resid- 
ual circulating hormones permitted us to de- 
termine stimulation of growth, rather than 
maintenance of development already attained 
Cian 

Materials and methods. 144 male Sprague- 
Dawley rats were castrated at 28-30 days of 
age and hypophysectomized 2 days later. Be- 
ginning 11 days after hypophysectomy, single 
daily hormone injections were given for 5 
days. Aqueous solutions of LTH and of STH 
were administered intraperitoneally; TP in 
sesame oil was injected subcutaneously. 
Table I lists the various groups of animals 
and the amounts of hormones used. Rats of 
Series I and II were obtained from a different 
source than those of Series III and IV. The 
LTH was prepared from ovine pituitaries 
by previously published methods(9,10) and 
possessed an estimated potency of 35 I.U./ 
mg; the STH was prepared from beef glands 
by the method of Li(11). On day following 
Sth injection, rats were sacrificed by neck 
fracture; ventral prostate, anterior prostate 
(“coagulating gland’’), and seminal vesicles 
were removed, freed of the bulk of their se- 
cretions, and weighed on a 0-50 mg Roller- 
Smith balance. The sella turcica was in- 
spected for evidence of pituitary fragments. 
The ventral prostate was bisected: one por- 
tion was reweighed and immediately frozen on 
dry ice for later determination of alkaline 
phosphatase activity(12); the other portion 
was fixed in Bouin’s fluid, serially sectioned 
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TABLE I. Effect of Testosterone Propionate (TP), Lactogenie Hormone (LTH) and Growth Hormone 
(STH) on Sex Accessories of Hypophysectomized, Gonadectomized Male Sprague-Dawley Rats. 
—— ae EE Re ele 


Daily dose, ug Body wt, g ee ae — Wt, mg) —————,_ Glandular tissue 
TU, Sa ee eememnartaey 9 \ ON) ON arappanaaeem arse, Ventral Anterior Seminal in ventral pros- 
Series TPOETH STH rats Initial Final prostate prostate vesicle tate, Zs 
I Oca 4,870 TAA paAINT Tol Miel gies ( (ote An Set AGO i ne cae 
0 150 0 fi 82 88 78+ 6 24+ .1 T44 .4t 
0 0 7.5 10 70 69 O9+ 8 14+ .1 Be) ae 93} 
Je 25 0 0 14 83 84 4 5 85%: 8 189 19 64.2 + .7 (8)]} 
5 150 0 12 84 86 LGSO = ie OSE 2 OF 7 Sea 70.3) 18 40(8)) 
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in paraffin, and stained with hematoxylin and 
eosin or Mallory-Heidenhain stain. In Series 
II and III, histometric analysis of sections of 
the ventral prostate was carried out by means 
of a technic modified from Erank6(13). The 
sections from Series IV were studied histo- 
metrically with a synchronous scanning de- 
vice designed by one of us (M.D.C.). In 
this apparatus, time is used as a measure of 
distance as the magnified image moves at 
constant speed past a crosshair superimposed 
upon the field. This scanning method al- 
lowed a more random and hence more objec- 
tive selection of sections for measurement 
than the method employed in the earlier se- 
ries. 

Results. In preliminary studies with hypo- 
physectomized - gonadectomized Long-Evans 
rats, the addition of 150 »g LTH to daily 
doses of 25-500 ug TP produced no significant 
increases in the weights of the sex accessories 
over those of rats receiving TP alone. How- 
ever, Sprague-Dawley rats subjected to the 
same treatment showed significant responses 
(see Series IT); and this strain was chosen for 
further investigation. 

Table I summarizes the results. Neither 
STH nor LTH alone had any stimulatory ef- 
fects on the ventral or anterior prostates, but 
LTH apparently elicited minimal growth on 


spect to the first group in each series. 


|| No. of ventral prostates examined histometrically. 


the part of the seminal vesicles. TP alone 
resulted in at least a doubling of the weight 
of all structures studied over those of controls 
injected with sesame oil. LTH administered 
with TP produced a significant increase in the 
weight of the ventral prostate in Series II, an 
increase which was accompanied by a con- 
comitant significant increase in the proportion 
of glandular tissue in this organ. 

Since the LTH preparation employed in 
Series I and II contained a small amount of 
STH (as indicated by the tibia assay method 
(14)), an additional group, injected with 7.5 
ug STH daily, was introduced to control for 
a maximal (5%) possible contamination of 
the LTH with STH. Administration of LTH 
or STH in Series III resulted in a significant 
weight increase only in the seminal vesicles; 
however, LTH effected an increase in the 
amount of glandular tissue in the ventral 
prostate, an increase not seen with STH alone. 

In the last series (IV), an LTH prepara- 
tion was employed at 2 dose levels, which, 
when assayed for growth hormone activity at 
a total dose of 4 mg, gave no indication of 
such activity, indicating that any contamina- 
tion was less than 0.25%. In addition, 2 dose 
levels of STH were used. Finally, a group 
was included receiving TP, LTH and STH to- 
gether, in order to determine whether the in- 
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dicated individual synergistic effects were ad- 
ditive. The highly purified LTH preparation 
caused small increases in ventral prostate 
weight (also evident in Series III) that were 
not significantly different at either dose level 
from those observed in the rats treated with 
TP alone. Significant weight increases were 
observed in the anterior prostates of both 
LTH groups and in the seminal vesicles of 
the groups receiving the dose of 300 pg daily. 
STH produced no consistent organ weight in- 
crements. When 150 pg LTH and 7.5 yg 
STH were combined with 25 pg TP, highly 
significant large weight increases (more than 
35% above the TP control group) were ob- 
served in the ventral prostate, anterior pros- 
tate, and seminal vesicles. Significantly more 
glandular tissue was seen in the ventral pros- 
tate in the presence of LTH than in its ab- 
sence. STH did not have this latter effect. 


LTH was shown to have no effect on alka- 
line phosphatase activity as determined in 
ventral prostate samples from TP-treated and 
LTH + TP-treated rats in Series IT and III. 

Discussion. The sex accessories of rats of 
the Long-Evans strain in our experiments and 
in those of Lostroh and Li(7) proved to be 
unresponsive to the administration of pitui- 
tary hormones, even though this strain ap- 
peared as sensitive as the Sprague-Dawley to 
injected androgen after gonadectomy and hy- 
pophysectomy. Hence, the results herein re- 
ported must be considered as referring to rats 
of the Sprague-Dawley strain. 

Neither LTH nor STH alone was capable 
of producing significant increases in ventral 
prostate weight. In only one series (II) did 
combined LTH and TP administration result 
in ventral prostates significantly larger than 
those produced by TP injection alone, and in 
this series the mean prostate weight of the 
TP-injected control group was lower than in 
the other series, in which the animals were 
obtained from a different source. Neverthe- 
less, despite the failure of LTH to produce a 
consistent significant increase in the weight 
of the ventral prostate, a significant increase 
in the proportion of glandular tissue in that 
organ was revealed by histometric analysis. 
Although the combined administration of 
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STH and TP in Series III produced ventral 
prostate weights equal to or larger than those 
seen following treatment with LTH, no con- 
comitant increment in glandular tissue was 
observed with the combined treatment in this 
series or in Series IV. Neither pituitary hor- 
mone, either alone or in conjunction with TP, 
produced a significant increase in anterior 
prostate weight in the earlier series. How- 
ever, with the highly purified LTH of Series 
IV, significant augmentation of weight of this 
organ was observed at both dose levels em- 
ployed. The response to STH, on the other 
hand, was not so marked and even less regu- 
lar in occurrence. The seminal vesicle ap- 
peared to be the sex accessory in which in- 
crease in weight resulted most consistently 
from the combined administration of LTH 
and TP. An effect of LTH on the seminal 
vesicles of gonadectomized rats has been re- 
ported previously by Pasqualini(5). In one 
experiment when STH was administered with 
TP, a synergistic response was obtained. 


The greatest responses to androgen were 
manifested by all 3 accessories after simul- 
taneous treatment with STH and LTH. In 
all cases the difference in organ weights be- 
tween the triply injected animals and those 
receiving TP alone was found to be signifi- 
cant at “p” values of less than .001. A sig- 
nificant increase in glandular tissue in the 
ventral prostate was also seen (p<.01). 

The results indicate that either LTH or 
STH, at the dose levels employed, is capable 
of exercising only a minimal degree of syner- 
gism with androgen in stimulating male sex 
accessory growth. This trend of minimal 
synergism is evident throughout almost all 
the data; however, statistical evaluation of 
the data from any single series only occa- 
sionally reveals differences that are signifi- 
cant. However, marked synergism, of defi- 
nite statistical significance, was obtained after 
simultaneous treatment with all 3 hormones; 
thus, it appears that both LTH and STH as 
entities are needed for the optimum synergis- 
tic response. Li(15) has recently described 
STH as a general metabolic hormone, and in- 
deed the increased responsiveness of sex ac- 
cessories in the presence of STH, and pos- 
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sibly of LTH, could be viewed in terms of im- 
provement in the general physiologic state of 
the organism. It would appear, however, that 
LTH and STH act by different mechanisms, 
since the former, but not the latter, consis- 
tently produces an increase in the proportion 
of glandular tissue in the ventral prostate. 
Summary and conclusions. Lactogenic hor- 
mone (LTH) alone or together with testoster- 
one propionate (TP) produced a significant 
increment in the weight of the seminal vesicle. 
When given with TP, LTH produced an in- 
crease in the amount of glandular tissue in the 
ventral prostate. Growth hormone (STH) 
alone or together with TP did not produce any 
consistently significant increase in the weight 
of the accessories. When TP, LTH and STH 
were administered simultaneously to the same 
test animals, the weight response of all ac- 
cessories was significantly greater than that 
to androgen alone. The data are interpreted 
as indicating that a synergism among the 3 
hormones may operate to stimulate sex acces- 
sory growth in the male Sprague-Dawley rat. 
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Effects of Cortisone and Hydrocortisone on Sodium Excretion in 


Adrenalectomized Rats. 


(23051) 


C. M. Kacawa AND C. G. VAN ARMAN 
Division of Biological Research, G. D. Searle and Co., Chicago, Ill. 


Sodium retention with cortisone and hy- 
drocortisone is readily demonstrated in man 
(1-4). In adrenalectomized rats, commonly 
used for steroid studies, retention of sodium 
has not been clearly seen. Singer and Ven- 
ning(5) in fact observed sodium loss with 
cortisone, but were unable to obtain a graded 
response. Results of Johnson(6) and of 
Dorfman(7) showed increased excretion of 
the ion with small doses of hydrocortisone, 
and no effect with larger doses. In our ex- 
perience, cortisone has caused a loss of so- 


dium with low doses and retention with high 
doses. It should be carefully noted that a 
fixed time-interval of urine collection was 
used for all the foregoing laboratory studies. 
Sodium response in rats was therefore fur- 
ther investigated as a function of time and 
dose following cortisone and hydrocortisone 
administration. Information of this kind is 
useful for careful evaluation of sodium-retain- 
ing activity in structurally-related steroids. 
The present report summarizes our data. 
Material and methods. Exp. I. Large 
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TABLE I. Effects of Large Doses of Cortisone and Hydrocortisone on Sodium Excretion in 
Consecutive Samples of Urine. 


uEq sodium/105 min. period (mean + S.E.) 


No. of - <a 
Treatmentt mg/rat animals Ist 2nd 3rd 4th 
CO Wale 26 eo acredtO 63+ 5 41+ 4 30+ 3 
1} 5 12 86 + 14 81+ 16 927 = 13% 98 + 15 
1.0 12 91+ 11 OLE 105 = Li* (25a 
ny a) 10 (Dam 7 46+ 8 644+ 7* 92 + 10* 
1.0 10 80+ 8 Sif ae a Aja 7 86 + 12* 


* P — .05 or less. 


doses of cortisone and hydrocortisone were 
given to adrenalectomized rats, and the ef- 
fects on sodium excretion determined in con- 
secutive samples of urine. This study pro- 
vided data on time-response relationships with 
the steroids. Sprague-Dawley male rats (140 
to 175 g) adapted to laboratory conditions 
for about a week were starved overnight. 
Animals were tube-fed with 10 ml of a sus- 
pension containing 3.8 g rat food (Rockland 
Farm) at 9 a. m. and 4 p. m. for 2 consecu- 
tive days. Bilateral adrenalectomy was per- 
formed under ether anesthesia at 11 a. m. on 
the 2nd day of feeding. Tap water was pro- 
vided ad libitum during the tube-feeding re- 
gime. Doses of 0.5 and 1 mg of steroids in 
0.2 ml corn oil (Mazola) were subcutane- 
ously injected on the morning of the 3rd day. 
Control rats received the same volume of oil. 
Each animal was forced to void by applica- 
tion of pressure to the bladder, and then 
placed in an individual metabolism cage. Fol- 
lowing injection, 4 consecutive samples of 
urine were collected at intervals of 105 min- 
utes. Complete specimens of urine were ob- 
tained at the end of each period by manipula- 
tion of the bladder and by rinsing cages with 
distilled water. Sodium concentration was 
determined with the Beckman flame photome- 
ter for calculation of total excretion per pe- 
riod. Relative differences in excretion be- 
tween control and treated animals were com- 
puted for each period to examine the influ- 
ence of the steroids. Exp. IJ. This study 
was to determine the influence of dose 
(0.0625 to 0.5 mg) of hydrocortisone upon 
time-response relationships. Detailed proce- 
dures were similar to those described for Exp. 
AN 


ys CO = Corn oil; E — Cortisone; F = Hydrocortisone. 


Results. The effects of 0.5 and 1 mg cor- 
tisone and hydrocortisone on sodium excretion 
are summarized in Table I. Changes in so- 
dium excretion compared with the control 
group are plotted in Fig. 1. In general, so- 
dium retention preceded a diuretic phase with 
both 0.5 and 1 mg doses. Initial retention 
was small with cortisone (E), but by virtue of 
a strong diuresis during periods 3 and 4, so- 
dium loss resulted for the total period of 
study. Both groups receiving hydrocortisone 
(F) responded initially with relatively 
greater retention of sodium and subsequently 
with increasing diuresis. The net effect with 
F is likewise sodium loss, but is less pro- 
nounced than that of E. 

For both steroids, 1 mg seemed more ef- 
fective than 0.5 mg in delaying onset of so- 
dium diuresis. Inspection of curves indi- 
cates that there is more prolonged duration 
of sodium retention with increasing doses. 
This effect is exemplified by Fig. 1 which 
shows that length of retention phase varies 
directly as dose of E. A similar relationship 
between dose and duration of retention phase 


0.5mq. Dose/ Rat 


10mg. Dose/Rat 


yEq. Change in Na Excretion 


Periods (ea.= 105 min.) 


FIG. 1, Relative changes in exeretion pattern of 

sodium following inj. of large doses of cortisone 

(E) and hydrocortisone (F). Values above control 

line (~---- ) represent increased exeretion and 
values below, retention. 
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TABLE II. 
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Effeets of Graded Doses of Hydrocortisone on Sodium Exeretion in Consecutive 


Samples of Urine. 


ug sodium/105 min. period (mean + S.E.) 


No. of 
Treatmentt mg/rat animals Ist 
10) 10 65 + 
ay 0625 10 Siete 
125 10 59 + 
20 10 58 
Oo 9 56 =— 


*« P — .5 or less. 


is seen with curves of F, but the differences 
are not so marked. 

Data concerning the temporal phase of so- 
dium retention as a function of dose of F were 
obtained in Exp. II (Table II). The total 
time required for the excretion rate of sodium 
to equal that of the controls was estimated 
from the time-response curves. A value of 
zero was assigned to the group receiving 
0.0625 mg F, since no retention of sodium oc- 
curred in any of the 4 periods of study. Curve 
I of Fig. 2 illustrates relationship between 
dose of steroid (log scale) and duration of so- 
dium retention. Results with 0.5 and 1 mg 
F from the previous experiment are shown as 
Curve II in the Figure. This method of eval- 
uation is only roughly quantitative, but it 
demonstrates the direct relation between dur- 
ation of retention phase and dosage. 


Exam- 


250 


200 


150 


50 


Duration of Na Retention (min) 


0.0625 0.125 0.25 0.50 1.0 
Log mg. Hydrocortisone (per Rat) 
FIG. 2. Relationship between duration of sodium 


retention and dose of hydrocortisone (log scale). 
Curves I and IT represent separate studies. 


oO | 


A’Oo-- 


t CO = Corn oil; F = Hydrocortisone. 


2nd 3rd 4th 
50+ 7 Bie. 0 43 
66+ 7 66+ 9 69=— 8 
65 + 10 76+ 8 89+ 6* 
51+ 7 82+ 6* 100 + 9* 
42+ 7 80 + 12 


102 + 12* 


ination of data in the Table reveals, on the 
other hand, that degree of sodium retention 
appears relatively less dependent upon dose 
of these steroids. 


Discussion. Our results show that large 
doses of E and F cause a biphasic effect on 
sodium excretion. In general, a small reten- 
tion precedes a strong diuresis, the net effect 
being sodium loss. Smaller doses hasten on- 
set of secondary excretion phase and decrease 
duration of sodium retention. It is evident 
that entirely different results are possible by 
varying the time-interval of urine collection. 
Increased excretion will be the predominant 
phenomenon over a long period, because the 
sample includes a large segment of secondary 
diuretic phase. With a shorter collection pe- 
riod, no change will occur because retention 
is opposed by the same degree of sodium di- 
uresis. Finally, only sodium retention will 
be found with relatively brief collection. A 
careful evaluation requires the testing of a 
wire range of doses to discover secondary ef- 
fects which may be operating. 


Our results indicate that E and F are ca- 
pable of retaining sodium in adrenalectomized 
rats, as they do in man(1-4). However, de- 
gree of retention appears weak and only tran- 
sient in comparison with the secondary excre- 
tion phase, and consequently is demonstrable 
only with large doses under special conditions 
of urine collection. 


The biphasic nature of sodium excretion 
does not seem to be confined to the actions of 
E and F. An early report by Harrop(8) 
shows that a-estradiol caused an initial reten- 
tion, then a loss of sodium in normal dogs 
maintained with constant fluid and mineral 
intake. Simpson and Tait(9) have discussed 
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a biphasic response with DCA, which elicited 
a net loss of sodium in adrenalectomized rats. 
The data of Forsyth(10) suggest the strong 
influence of this phenomenon with DCA, by 
showing increased excretion with small doses, 
and retention with larger doses in adrenalec- 
tomized mice. 

Summary. 1. The influence of time and 
dosage upon sodium excretion by rats was in- 
vestigated after cortisone and hydrocortisone 
administration. 2. Results of time-response 
studies show that large doses cause initially 
weak and transient retention of sodium and 
subsequently strong excretion of the ion. 
Smaller doses reduce progressively duration of 
retention phase and hasten onset of secondary 
diuresis. 3. Two factors appear to influence 
the response of sodium excretion. During a 
fixed time-interval of urine collection, in- 
creasing doses cause excretion, no change and 
retention of sodium. Similar changes in ex- 
cretion of the ion are seen with a given dose 
when collection interval is progressively 
shortened. 
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Since introduction of the thromboplastin 
generation test by Biggs and Douglas(1) a 
great many studies have been carried out 
dealing with defective formation of “plasma 
thromboplastin” in various coagulation ab- 
normalities. This plasma thromboplastin is 
defined as activity developed in a dilute mix- 
ture of adsorbed plasma (Al(OH); or 
BaSO,), serum, platelets and calcium. When 
samples of such a mixture, together with ad- 
ditional calcium, are added to normal plasma 
“thromboplastic” activity develops during 5- 
minute incubation as clotting times decrease 


* Supported by research grants from N.I.H., 
U.S.P.H.S., and Pittsburgh Chapter of Hemophilia 
Foundation. 
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from over a minute to approximately 10 sec- 
onds. Relatively little attention has been 
paid to the activity of fully formed normal 
plasma thromboplastin in the clotting mechan- 
ism. A distinct difference between plasma 
and tissue thromboplastin was demonstrated 
by Gollub, Ulin and Black who showed that 
the bacterial enzyme thromboplastinase 
would inactivate tissue thromboplastins, but 
not plasma thromboplastin, although it did 
have some inhibitory effects in early stages of 
plasma thromboplastin generation. 

The simple experiments presented in this 
study show certain striking differences be- 
tween tissue and plasma thromboplastin. 

Materials and methods. Tissue thrombo- 
plastin; Human Brain: 300 mg_acetone- 
dried human brain powder suspended in 5 
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ml 0.85% sodium chloride, and incubated 10 
min. at 37°C. The material was allowed to 
sediment for 30 min. and the supernatant em- 
ployed. Rabbit Tissue: Simplastin (kindly 
supplied by Warner-Chilcott), used as di- 
rected, without additional calcium. Plasma 
thromboplastin: 1 ml normal platelet suspen- 
sion plus 1 ml normal BaSO, plasma (dil. 
1-5) plus 1 ml normal oxalated serum ‘(dil. 
1-10) plus 1 ml 0.025 M CaCly. All tests 
were carried out in 15 min. after the mixture 
had been allowed to activate for 8 min. The 
same clotting time (10 sec.) on normal 
citrated plasma was obtained at beginning 
and end of experiment. Test plasmas: Unless 
otherwise stated all normal and _ patients’ 
plasmas were citrated and had been stored 
frozen 2 weeks to 6 months. The PTA de- 
ficient plasma was obtained from patient pre- 
viously described (A. A.(2)) who was seen 
through the courtesy of Dr. Robert L. Rosen- 
thal. The Hageman factor deficient plasma 
was obtained from a patient, also previously 
described (M.R.(3)), and studied through 
the courtesy of Dr. Oscar Ratnoff. The pro- 
accelerin deficient plasma was from a girl 
previously described (D.H.(4)). The pro- 
convertin deficient plasma, lacking ‘Stuart 
factor,” was a lyophilized preparation sup- 
plied through the kindness of Dr. John Gra- 
ham. This patient has been described by one 
of us(5) and by Dr. Graham(6). The plasma 
designated Dicumarol was from a 63-year-old 
man on long-term, poorly controlled therapy 
who showed hemorrhagic symptoms. The pa- 
tient with vit. K deficiency was a 4-month-old 
infant with hemorrhagic symptoms one 
month and signs of intracranial hemorrhage 
2 days. A prompt response followed vit. K 
therapy. The patient used as example of 
liver disease suffered from severe post-hepa- 
titic cirrhosis confirmed at autopsy. The 
heparinized plasma was obtained from normal 
subject one hour after 50 mg heparin was ad- 
ministered i.v. Recalcification times were 
carried out in duplicate by adding 0.1 ml 
thromboplastin or saline, simultaneously with 
0.1 ml 0.02 M CaCls to 0.1 ml plasma at 
37°C. Results of other test procedures are 
from the initial patient workup by our stand- 
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TABLE I. Recaleification Times. 


Reealcification times (sec.) 
in presence of 
Plasma 
Rabbit Human thrombo- 


Type of plasma Saline tissue brain  plastin 
Normal LAS 0015.0 = Lone 
platelet-poor 390 12.0 14.2 10.0 
AHF Deficient 1,350 12.2 14.2 9.8 
12M! ts 1,620 12,0 nee) 10.1 
PTA a4 570 12.0 feast 10.4 
Hageman ae 960 13.0 16.2 9.8 
factor 
Proaceelerin ” 820 B22 70.0 9.3 
Proconvertin ” 745 53.6 117.0 9.2 
(Stuart) 
Mixed deficiencies 
Dieumarol 695 44.5 98.5 39.5 
Vit. K deficient 3,600 33.0 69.0 32.0 
Liver disease 695 30.8 60.2 16.8 
Normal— >1,000 14.8 22.2 40.0 


heparinized 


ard methods(7,8). 


Results. The Table shows recalcification 
times of various plasmas in the presence of 
saline, rabbit tissue, human brain and plasma 
thromboplastins. All saline times are signifi- 
cantly longer than that of normal plasma in- 
dicating that platelets, AHF (anti-hemophilic 
factor), PTC (plasma thromboplastin com- 
ponent), PTA (plasma thromboplastin ante- 
cedent), Hageman Factor, proaccelerin and 
proconvertin (Stuart) are all factors essential 
to normal coagulation. This was borne out 
by initial examinations on these patients, all 
of whom showed abnormal thromboplastin 
generation curves as well as other coagulation 
abnormalities. The patients suffering from 
mixed deficiencies: dicumarol intoxication 
(prothrombin 2%, proconvertin 1%, PTC 
20%), vit. K deficiency (prothrombin 5%, 
proconvertin 5%, PTC 15%) and _ hepatic 
cirrhosis (prothrombin 26%, proconvertin 
3%, proaccelerin 39%, and PTC 10%), also 
showed abnormal thromboplastin generation 
curves on the initial examinations and pro- 
longed recalcification times. 

Human brain and rabbit tissue thrombo- 
plastin times were normal in platelet, AHF, 
PTC, PTA and Hageman factor deficiencies, 
but markedly prolonged in proaccelerin, pro- 
convertin and the mixed deficiencies, and in 
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heparinized plasma. The plasma thrombo- 
plastin times were normal in all except the 
mixed deficiencies in which prothrombin it- 
self was low, and in heparinized plasma. 


In another experiment plasma thrombo- 
plastin was prepared as usual and then cen- 
trifuged at 20,000 g for 30 min. When the 
sediment was resuspended in fresh saline and 
calcium, it had almost all the activity of the 
original mixture, when tested against either 
normal or deficient plasmas. If the sedi- 
mented material was suspended in saline, 
without calcium, no clot was formed when it 
was added to plasma but a clot did form when 
additional calcium was simultaneously added. 


Discussion. From the foregoing experi- 
ments it appears that “plasma thromboplas- 
tin” is a complex, sedimentable at high speed 
centrifugation, separable from calcium ion, 
inhibitable by heparin, which can substitute 
for the activities of platelets, AHF, PTC, 
PTA, Hageman factor, proaccelerin and pro- 
convertin (Stuart), and which, in the pres- 
ence of calcium, appears to convert pro- 
thrombin to thrombin directly. This latter 
premise is based upon the observation that 
only the plasmas low in prothrombin gave 
prolonged plasma thromboplastin times. Re- 
cent experiments suggest the possibility that 
the SPCA deficient patient of Alexander (9) 
and the hypo-proconvertinemic patient de- 
scribed herein and previously(5), deficient in 
the so-called “Stuart Factor” (Hougie and 
Graham(6)), may suffer from different de- 
ficiencies although both show prolonged pro- 
thrombin times and abnormal proconvertin 
levels as assayed by the Owren method. 
Alexander’s patient is said to have a normal 
thromboplastin generation, and therefore it is 
possible that this factor is not necessary for 
plasma thromboplastin generation, but acts 
at a later stage. If this is the case it would 
seem likely that this patient’s plasma might 
have a prolonged plasma _ thromboplastin 
time. 

Brain thromboplastin and plasma thrombo- 
plastin are similar in their abilities to shorten 
recalcification times in platelet, AHF, PTC, 
PTA and Hageman factor deficiencies. Both 
give long recalcification times in the presence 
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of prothrombin deficiencies. Both appear to 
be inhibited by heparin, although these ex- 
periments do not clearly differentiate this ef- 
fect from an anti-thrombic one. Brain and 
plasma thromboplastin differ strikingly when 
tested against proaccelerin and proconvertin 
deficient plasmas, for only plasma thrombo- 
plastin is able to clot these plasmas in normal 
times. That this effect is not simply due to 
carrying over of these factors in plasma- 
thromboplastin mixture is shown by the ob- 
servation that after high speed centrifugation 
and resuspension of the “plasma _ thrombo- 
plastin” it is still active in these deficiencies. 


Summary. 1. A lengthening of saline-re- 
calcification time beyond normal occurred in 
plasma deficient in any one of the following: 
platelets, AHF, PTC, PTA, Hageman factor, 
proaccelerin, or proconvertin. It also oc- 
curred in certain acquired multiple factor de- 
ficiencies, and in heparinized plasma. 2. 
Brain thromboplastin recalcification times 
were normal in platelet, AHF, PTC, PTA and 
Hageman factor deficiencies, but prolonged 
in proconvertin or proaccelerin deficiency or 
heparinized plasma. 3. Plasma thromboplas- 
tin recalcification times were normal in these 
same deficiencies and, in addition, in procon- 
vertin or proaccelerin deficiency. This latter 
activity seemed due to incorporation of (pro) 
convertin and (pro) accelerin into the plasma 
thromboplastin complex, rather than to any 
free proconvertin and proaccelerin in solution. 
4. Formed plasma thromboplastin is inactive 
in absence of optimal calcium concentration. 
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Cardiac Retroperfusion with Induced Asystole for Open Surgery upon the 


Aortic Valve or Coronary Arteries.* 
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The concomitant use of a pump-oxygenator 
(1,2) for circulatory support during total by- 
pass of the heart together with retrograde per- 
fusion via coronary sinus permits open sur- 
gery on the ascending aorta and aortic valves 
for periods of 15 to 30 minutes. This technic 
has been tested experimentally and_ success- 
fully applied subsequently in man(3,4). 
Retrograde perfusion via coronary sinus of 
arterial blood supports myocardial activity 
and prevents coronary air embolism during 
interval that the ascending aorta remains 
open. As a rule almost no coronary venous 
drainage occurs from the right ventricle into 
the coronary sinus in the dog. Therefore, 
virtually no retroperfusion of this myocardial 
area takes place. Despite this fact the canine 
right ventricle appears to tolerate 15 to 20 
minutes of by-pass assisted by retroperfusion, 
because cardiac workload is almost com- 
pletely eliminated, and the left ventricu- 
lar muscle remains oxygenated. In man the 
anatomical pattern of coronary veins usually 
permits more adequate retroperfusion of the 
right heart through the coronary sinus. Pre- 
viously we reported on retroperfusion technic 
(4). There were 12 long-term survivals 
among 16 dogs, submitted to this technic, for 
intervals of 15 to 20 minutes. Only one of 4 
deaths was related to cardiac complication. 


* Supported by Research Grants from: Bertram 
Mokros, Jr. Fund; Graduate School, Univ. of Minn.; 
Minn. Heart Assn.; Life Insurance Medical Research 
’ Fund; Am. Heart Assn.; Nat. Heart Inst.; Minn. 
Cardiovascular Research Fund. 

+ National Heart Trainee, U.S.P.HS. 


Four additional animals were submitted to 
30 minutes of retroperfusion. Three of them 
died apparently from irreversible fibrillation 
appearing at termination of the retroperfusion 
and presumably induced by intolerable state 
of right ventricular hypoxia. Blanco e¢ al. 
(5) reported survivals in dogs after retroper- 
fusion of coronary veins up to 7% minutes. 


This duration of retroperfusion, safe for 
dogs and probably for man, must certainly 
be extended to 30 minutes or more if we are 
to realize its full usefulness. Therefore, we 
have tested the potential advantages of com- 
bining retroperfusion of the coronary sinus 
with asystole induced with potassium citrate, 
hoping thereby to reduce further myocardial 
oxygen consumption. Also, the advantages 
of working in a completely still operative field 
would be realized. And finally, both experi- 
mentally and clinically it has been found dan- 
gerous to attempt to re-start a deliberately 
arrested heart by forward coronary perfusion 
unless vents into the left ventricle and left 
atrium have been provided to keep those 
chambers decompressed. In patients without 
septal defects it may not be technically feas- 
ible to establish these vents; and therefore, 
a method for restoring the beat (by means 
of retroperfusion) with the aorta still open 
becomes valuable. The results of these 
studies comprise the subject matter of this 
paper. 

Method of study. Forty dogs had their 
heart and lungs by-passed utilizing a pump 
oxygenator(1,2). They were subdivided into 
4 groups. Group I consists of 10 dogs sub- 
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mitted to retrograde perfusion of coronary 
sinus for 30 minutes. Group II (10 dogs) 
had retroperfusion for 30 minutes in combina- 
tion with asystole induced by potassium cit- 
rate. The 10 dogs in Group III experienced 
potassium citrate achieved asystole only, for 
15 to 30 minutes. The final 10 dogs in Group 
IV, acute experiments, were studied for meta- 
bolic changes and coronary flow distributions 
during retroperfusion with and without po- 
tassium citrate provoked asystole. Two meth- 
ods for perfusion of coronary sinus were 
tested. In one, arterial blood was tapped off 
the main arterial limb and carried through a 
Y connector. In the other, arterial blood 
from oxygenator reservoir was propelled by 
separate pump directly into the cardiac ven- 
ous system. A bifurcating arterial limb (first 
method) was used for survival experiments. 
To prevent perfusion of coronary veins at too 
high pressures, an adjustable clamp was placed 
on catheter leading into coronary sinus. The 
tension distal (cardiac) to this clamp was 
then monitored through a strain gauge and 
appropriate recording apparatus. We sought 
to keep it at mean pressure of 30 to 40 mm 
Hg. Earlier experiments(4) suggested that 
these pressures were well tolerated by the cor- 
onary veins and that they provided for ade- 
quate retrograde flow. The coronary sinus 
was perfused directly from a separate pump 
in acute metabolic studies so that a more 
exact coronary flow could be established in 
each experiment. To cannulate the coronary 
sinus a #14 polyethylene catheter with a firm 
plastic adaptor, ridged on end, was placed 
into the coronary sinus and anchored there 
either by silk ligature placed around the sinus 
from outside the heart, or by a purse-string 
suture about the coronary sinus ostium work- 
ing from within the right atrium. The latter 
seems to be the more suitable method and has 
been utilized for clinical cases. Cardiac Asys- 
tole: When retroperfusion was combined with 
potassium citrate asystole, this was induced 
after the technic of Melrose(6). A 2.5% 
solution of potassium citrate diluted in the 
animals’ arterial blood was injected rapidly 
into the ascending aorta until the heart ceased 
to beat and the aorta cross clamped just above 
the coronary artery orifices to prevent any 
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TABLE I. Total Cardiopulmonary By-Pass Pro- 
cedures with Retroperfusion of Coronary Sinus 
and K Citrate Asystole. 


Vent. Card. 


fib., mort., 
Procedure % % Comments 
A Retroperfusion, 40 40 All 4 fatalities 


had irrevers- 
ible fibrilla- 
tion at end of 
retrop’rf’sion 
2 fatalities 2 hr 
postoperative 


30 min. 


B Idem with K cit- 40 20 
rate asystole, 
10-30 min. 

C K citrate asystole 80 90 
alone, 15-30 
min. 


1 dog had irre- 
versible fibril- 
lat’n ; remain- 
ing deaths 
within 12 hr 
postoperative 


perfusion via this route. 

In recent experiments (not herein reported) 
it has been found technically feasible to ar- 
rest the heart retrogradely by slowly injecting 
25% potassium citrate solution into the ar- 
terial blood in the retroperfusion catheter. 
When arrest occurs, this injection is stopped 
and the retroperfusion catheter is  cross- 
clamped. The heart is restarted by re-ini- 
tiating the retroperfusion. 

Results. The results for 10 dogs retroper- 
fused for 30 minutes are presented in Table 
I. Four animals fibrillated at end of retro- 
perfusion, and it was not possible to defibril- 
late any. 


The data in 10 experiments wherein asys- 
tole was achieved and in which there was 
standstill varying from 6 min. to 30 min. with 
concomitant retrograde perfusion of the cor- 
onary sinus of 30 min. duration in all are 
presented in Table I(B). We noted that 
when the hearts did resume their beat at the 
end of the experiments, that this was solely 
a left ventricular contraction. The poorly 
perfused right ventricles. usually remained 
quiescent at first, and then gradually and 
progressively acquired a satisfactory beat. 
Two of these 10 dogs died from cardiac causes 
during the immediate experiment. In these 
animals the period of induced asystole was 
15 min. and 25 min., respectively. Four ad- 
ditional dogs succumbed several days post- 
operative from non-cardiac complications. 
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TABLE II. Comparison of Distribution of Retro- 

perfusate. Dog #1855 had retroperfusion alone 

and dog #1494 had retroperfusion in combination 
with K citrate asystole. 


Mean Flow in e¢/min. 
pressure — 
in cor, Cor. L.cor. Right 
sinus, Dog No.and sinus artery thebesian 

mmHg procedure input outflow outflow 
20 1855,retro. 16 5 8 
alone 
1494, retro. 30 14 15 
with K citrate 
30 1855 32 9 20 
1494 33 16 16 
40 1855 42 12 28 
1494 30 16 18 
50 1855 64 18 42 


1494 44 17 24 


These deaths are probably ascribable to use of 
clean but not sterile technic. The late inci- 
dence of severe infections was substantial. 
Of 10 dogs (with cardiopulmonary by-pass) 
submitted to potassium citrate induced 
asystole for 15 to 30 minutes (Group III, 
Table I(C))- only one survived for a long 
term. All of the deaths in this group occurred 
within 14 hours postoperative. 

Table II lists distribution of retrograde 
flow at different coronary sinus pressures. A 
representative study of retroperfusion alone 
has been compared with a comparable study 
utilizing both retroperfusion and cardiac asys- 
tole. The retrograde flow from the left cor- 
onary ostia was approximately the same in 
both experiments. A high volume flow from 
the coronary sinus into right ventricle via 
thebesian veins was revealed in both animals. 


Certain aspects of cardiac metabolism were 
studied in 5 dogs subjected to retroperfusion 
alone, and in a similar number of dogs sub- 
mitted to combination of retroperfusion and 
potassium citrate induced asystole. Mean 
values of these data are presented in Table 
III. In all cases coronary sinus pressure was 
monitored at 40 mm Hg. _ Representative 
blood samples were drawn after 15 minutes of 
retroperfusion. Apparently _ retroperfused 
hearts utilized oxygen, glucose, and lactate in 
a manner similar to that of normally perfused 
hearts but in substantially lower amounts. 
The oxygen consumption of retroperfused left 


691 


ventricle was approximately one-third that of 
normally perfused left ventricle in a by-passed 
state. This is probably a reflection of the 
diminished amount of retrograde flow, which 
is approximately one-third the volume of nor- 
mal forward coronary blood flow. It was of 
interest to note that only a slight reduction in 
consumption of oxygen and glucose occurred 
in the retroperfused hearts, asystolic from an 
injection of potassium citrate. 


Discussion. The canine heart is not ana- 
tomically well adapted to retrograde perfu- 
sion through the coronary sinus because the 
right ventricle receives little flow under these 
circumstances. Nevertheless, these canine 
hearts are capable of tolerating this predica- 
ment for periods up to 20 minutes. However, 
when the canine heart is subjected to 30 min- 
utes of retrograde flow it is likely to fibrillate 
on termination of the run with a great likeli- 
hood of death then ensuing. 


Perhaps addition of potassium induced 
citrate asystole to prolonged period of retro- 
perfusion may offer some improvement in this 
death rate by placing the cyanotic right heart 
at greater rest. This is supported by the fact 
that the cardiac mortality after 30 minutes of 
retroperfusion alone was 40%; whereas, after 
30 minutes of retroperfusion plus potassium 
citrate arrest, it was 20%. 


Recently in a few experiments we have in- 
jected the sinoauricular node with xylocaine, 
instituted retroperfusion of the coronary sinus 
for one hour, and have maintained an excel- 


TABLE III. Average Metabolic Values for Dogs 

Submitted to Retroperfusion Alone and Retroper- 

fusion in Combination with Potassium Citrate 
Asystole. 


By-passed heart with 
retroperfusion of cor- 


Caleulated 
per 100 g 
left ventric- 
ular wt/min. 


By-passed 
heart with 


normal cor- 


onary flow 


10 animals 


Flow 
Oxygen Ct 
Glucose © 
Lactate C 


9 ee 
8” 
mg 


’ 


ine 


D4. 
ite 
3. 
9 


9) 


onary sinus 
and 
potassium 
asystole 
* 5 animals 5 animals 


19.0 ee 14.2 ee 


2.62 ” 2.03 ” 
3.2 mg 2.4 mg 
66” AU ee 


* Metabolic values in Column I were obtained as 
initial studies in the 2 groups. 
+t C = Consumption. 
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lent beat without fibrillation or other signs 
of cardiac arrhythmia. 

To date the technic of total cardiopulmon- 
ary by-pass with retroperfusion of the coron- 
ary sinus has been applied to 8 patients(4). 
The first case was done over a year ago(3) 
and the patient is well at this time. The 
clinical lesions for which we have used retro- 
perfusion were instances of aortic stenosis, 
and regurgitation, aortic-pulmonary window, 
ruptured sinus of Valsalva, and complete 
transposition of the great vessels. The long- 
est clinical retroperfusion was 32 minutes, 
and in every patient a strong beat was main- 
tained throughout the procedure with no in- 
stance of fibrillation during or after the retro- 
perfusion. These clinical observations sub- 
stantiate the anatomical fact that the human 
heart is more completely perfused than the 
dog’s by a retrograde flow through the coron- 
ary sinus. On the basis of these experimental 
studies and the clinical observations men- 
tioned above, the combination of retroperfu- 
sion and potassium asystole appears valuable 
for precise, direct vision reparative procedures 
upon the aortic valve or coronary arteries in a 
quiescent operative field. 

Conclusions. 1. Only one of 10 dogs sub- 
mitted to 15 to 30 minutes of potassium cit- 
rate produced asystole was a long-term sur- 
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vival (90% mortality). 2. Ten dogs were — 
submitted to 30 minutes of retroperfusion of 
the coronary sinus, and 4 died from cardiac 
causes, a 40% mortality. 3. Ten additional 
dogs were subjected to combination of 30 
minutes retroperfusion and potassium citrate 
provoked asystole. Two of the 10 died from 
cardiac complications, mortality 20%. 4. 
Certain aspects of cardiac metabolism in the 
retroperfused heart with and without potas- 
sium citrate induced asystole have been 
studied in 10 dogs. There appears to be an 
additionally reduced degree of metabolism 
under these latter circumstances. 
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Existence of acute infectious nonbacterial 
gastroenteritis of presumed virus etiology has 
been documented by epidemiologic observa- 
tions(1-3) and by transmission of the disease 
to human volunteers(1,4,5) although no eti- 


* This investigation was conducted under sponsor- 
ship of Armed Forces Epidemiological Board and 
supported in part by Office of Surgeon General, De- 
partment of Army, and by Brush Foundation, Rob- 
ert Hamilton Bishop, Jr. Endowment Fund, and Re- 
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ologic agent has been established in tissue cul- 
ture or laboratory animals. Studies in col- 
laboration with Gordon and Dorrance(4) 
demonstrated, by feeding stool supernates to 
volunteers, that there are at least 2 different 
types of such gastroenteritis. Because Yama- 
moto et al.(6) had reported transmission of 
human diarrheal disease to cats by feeding 2 
to 5 ml of filtered supernatant of aqueous 
stool, aliquots of the same inocula used in 
human experiments with Gordon and Dor- 
rance(4) were given to cats. The present re- 
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port was prompted by recent editorial refer- 
ence(7) to these cat experiments of Japanese 
workers, and records failure of inocula infec- 
tious for man to induce disease in cats. 


Materials and methods. Two inocula were 
used. Marcy inoculum was obtained from 
an induced case (T.H.) of afebrile gastroen- 
teritis on 7/3/50 and processed(1) by Gor- 
don on 8/27/51. The watery stools from 
which the inoculum was prepared were col- 
lected after 6th human passage of the Marcy 
agent. Seven ml of inoculum induced disease 
in 14 of 16 volunteers in experiments done 
between December 1951 and June 1952(4). 
FS inoculum was processed from the stool of 
volunteer (Case E.E.) with induced febrile 
gastroenteritis, representing the first human 
passage(4). Two to 10 ml of the inoculum 
caused disease in 5 of 15 volunteers(4). Both 
inocula were stored at —70°C during 11 
months between human and cat experiments. 
Tryptose phosphate broth was used as con- 
trol inoculum. Animals. Cats were collected 
from semi-rural areas and housed in separate 
cages removed from general animal quarters. 
They were held for 8 or more days prior to 
inoculation. These measures were taken to 
avoid infectious feline enteritis or panleuco- 
penia(8,9). On receipt, the cats’ nails were 
clipped, each was weighed and bled 10 ml 
by intracardiac puncture, and total leucocyte 
count was done. Subsequently, for 6 to 12 
days prior to inoculation, daily rectal temper- 
atures, number and character of stools passed 
and gross food intake were recorded. Stools 
were counted and characterized as formed, 
soft, or loose by changing the drop pans each 
morning and afternoon. Under intraperi- 
toneal nembutal anesthesia, 5 ml of appro- 
priate inoculum was introduced by stomach 
tube. Observations of weight, appetite, 
stools, leucocyte count (weekly), and rectal 
temperature (now recorded twice daily) were 
continued. 


Results. Exp. 1. On 12/2/52, 5 cats (1 
male and 4 females; Group A, nos. 1, 3, 5, 7, 
9) were given tryptose broth, and 5 cats (2 
males and 3 females, Group B, nos. 2, 4, 6, 
8, 10) were given FS inoculum. Observations 
made before and after administration of these 
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materials are summarized in Table I. No 
febrile responses were apparent in either 
group. During control period, it was noted 
that animal No. 10 ate poorly and exhibited 
weight loss of 0.4 kg in 7 days. FS inoculum 
provoked no change in number and character 
of stools, but because of continued anorexia 
and weight loss, this cat was not given a sec- 
ond inoculum. 

Exp. 2. Since no apparent disease was pro- 
duced, on 12/16/52, 2 weeks later, the cats 
were again bled and intubated. Group A was 
given Marcy inoculum; group B was given 
broth. Animal no. 7 showed an increase in 
temperature from baseline of about 102°F 
to 105°F 3 days after inoculation. None of 
the other 4 cats given Marcy supernate 
showed a febrile response. None developed 
diarrhea (Table I). With the exception pre- 
viously noted, all animals maintained or 
gained weight. Leucopenia did not occur. 
Thus, there were no signs suggestive of in- 
fectious gastroenteritis of cats(8,9). 

Discussion. Since simultaneous human 
volunteer experiments were not done, the 
question may be raised as to whether the 
material used was still infective for man at 
the time of inoculation into cats. Aside from 
difficulty of execution, such simultaneous hu- 
man experiments were considered to be ‘un- 
necessary because available data indicated 
that the agents survived storage at —70°C. 
Prior to the experiments mentioned(4), the 
fecal source of Marcy agent had been stored 
for 18 months; the processed inoculum had 
been stored for 6 months. Further, with ali- 
quots of this same inoculum Gordon, Patter- 
son, and Whitney(10) later induced disease 
in human volunteers on 4 occasions 3 to 5 
months after the cat experiments. These in- 
vestigators(10) achieved a 66% attach rate 
in man with a dose of 3.5 ml, 1.5 ml less than 
the amount given to the cats. As regards the 
FS agent, the original inoculum had induced 
disease in man after storage for 4 months. 
The material given the cats (first passage in- 
oculum) had induced disease in man after 8 
months storage. These data justify the as- 
sumption that the FS agent was still viable 
at the time of the cat experiments. 


Yamamoto ef al.(6) provoked diarrhea in 
all 6 cats given human stool supernate. The 
cats became ill 9 to 13 days after inoculation, 
and 5 died 1 to 8 days after onset. Filtered 
aqueous cat excreta were then used to induce 
diarrhea and death on 2 subsequent passages 
in cats. It is of interest that an uninoculated 
cat, living with those first inoculated, devel- 
oped diarrhea and died. Excreta from this 
animal were used to initiate a second passage 
series. Filtered, twice diluted cat stool super- 
nate from each series was fed in 3 ml and 5 
ml amounts, respectively, to 2 human volun- 
teers. This material, which in amounts of 
1.5 ml and 1.7 ml produced a fatal disease in 
cats, caused no reaction in human subjects. 
The investigators noted that several cats had 
died in area of epidemic of human gastro- 
enteritis under study, and acknowledged the 
possibility of ‘other incidental disease.” 
However, they favored the idea that the same 
disease “prevailed among cats while it spread 
among men’ (6). 

The clinical description of the illness sup- 
posedly induced in cats by Yamamoto eé al. 
(6) closely resembles that of infectious gas- 
troenteritis of cats (feline distemper; feline 
panleucopenia). This disease has an incuba- 
tion period of 6 to 14 days, and is character- 
ized by depression, weakness, vomiting, pro- 
fuse diarrhea, fever, and coma in 3 to 4 days 
(8,9). It is possible, therefore, that the Jap- 
anese investigators were dealing with a na- 
turally occurring feline disease. 

In the experiments here recorded 2 human 
gastroenteritis inocula of demonstrated in- 
fectiousness failed to produce disease in 
healthy cats. 


Summary. Aliquots of supernates prepared 
from stools of volunteers with induced 
afebrile (Marcy) and febrile (FS) nonbac- 
terial gastroenteritis and capable of inducing 
human disease were administered by stomach 
tube to cats. No recognizable disease was 
produced. 


The technical assistance of Mrs. Juanita Ruffier is 
gratefully acknowledged. 
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Effect of Ultrasonics on Thromboplastinase-Labile Component and Toxicity 


of Injected Thromboplastin. 


(23055) 


DoNALD FELDMAN AND Davin KirmMANn (Introduced by G. L. Hobby) 
Medical Research Laboratory, Veterans Administration Hospital, East Orange, N. J. 


The effects of heat on the thromboplas- 
tinase-labile component of tissue thrombo- 
plastins have been previously reported(1). 
Loss of thromboplastic potency due to heat- 
ing of tissue suspensions and loss due to 
thromboplastinase are apparently distinct 
phenomena. Further, heat inactivated throm- 
boplastin retained all of its im vivo toxicity 
for rabbits while thromboplastinase inacti- 
vated suspensions were non-toxic(2). Axelrod 
(3) recently reported on loss of potency of 
commercial thromboplastin following ultra- 
sonic treatment. It was of interest to deter- 
mine what effect ultrasonics would have both 
on the TPase-labile component of human 
brain thromboplastin and on the lethal effect 
upon intravenous injection of such thrombo- 
plastic suspensions into experimental animals. 


Materials and methods. Thromboplas- 
tinase (TPase) was prepared as previously 
described(4). 2 mg crude TPase powder/ml 
water was employed as standard enzyme con- 
centration. Heat inactivated enzyme (100° 
for 10 min) served as a control. Thrombo- 
plastin (TP). Thromboplastic suspensions 
were freshly prepared 1 hr before use by ex- 
tracting 0.5 g acetone dehydrated human 
brain powder with 10 ml 0.9% saline at 50°C 
for 15 min and then centrifuging at 3000 rpm 
for 5 min. The supernatant was decanted and 
refrigerated prior to use. Clotting time deter- 
minations (CT). A modification(4) of the 


Quick one-stage test was used for assay of 
clotting potency. Duplicate determinations 
were made. Thromboplastin dilution curves 
were constructed as previously described (4). 
Ultrasonic treatment. Raytheon Model DF- 
101 200 watt sonic oscillator was used with 
a frequency of 10 kc. 50 ml samples of 
thromboplastic suspensions were treated at 
one time and aliquots were removed at inter- 
vals for assay of potency, preparation of di- 
lution curves, treatment with TPase and in- 
jection into animals. JTPase assay. The ac- 
tivity of TPase was followed by change in 
clotting potency and liberation of organic 
phosphorus after incubation at 37°C for 60 
min(1). 10 ml of thromboplastic suspension 
and 1.0 ml TPase solution (2 mg) was used 
as a standard incubation mixture. Ewxperi- 
mental animals employed were male albino 
rabbits weighing 2-2% kg. Preparation of 
suspensions for intravenous injection and 
technics used have been described(2). 


Results. The loss in clotting potency of 
human brain thromboplastic suspensions due 
to ultrasonic treatment is shown in Fig. 1. 
It can be seen that there was a progressive 
loss in potency over a time course. When 
dilution curves were plotted for aliquots re- 
moved at intervals (Fig. 2), it was evident 
that most of the activity had been destroyed 
quite rapidly. After 30 min of ultrasonic 
treatment clotting time was 19 sec. On the 


696 


TABLE I. Loss in Clotting Potency and Libera- 
tion of Organic Phosphorus Due to TPase Action 
on Ultrasonically Treated Thromboplastin. 


Phosphorus 
1T (s found (ug P/ 
CT (sec.) rs rd 
OT (sec.) after TPase ™8 dry wt TP) 


Ultrasonie after sonie actionfor Before After 
time (min.) treatment 60/at37°C TPase TPase 


0 11.3 36.0 2.5 30.9 
30 20.2 42.5 2.4) 981.0 
90 40.7 60.7 DA ihe 
dilution curve of untreated thromboplastin, 


19 sec represents approximately 5% thrombo- 
plastin. Similar calculations have been de- 
scribed previously (4). 

Aliquots removed at 0, 30, and 90 min were 
subsequently treated with TPase. Table I 
summarizes the data obtained in one series 
of experiments on liberation of organic phos- 
phorus after TPase action on these aliquots. 

Although there was a definite loss in clot- 
ting potency due to ultrasonic treatment 
(11.3 to 40.7 sec), there was no destruction 
of the TPase-labile moiety of thromboplastin 
inasmuch as the same amount of organic 
phosphorus was liberated from each aliquot 
due to TPase action. The maximum phos- 
phorus liberated by TPase in 180 min was 
33.6 yg P/mg dry wt TP. Heat inactivated 
TPase caused no loss in.clotting potency and 
no phosphorus was liberated. 

These suspensions were then prepared for 
intravenous injection into rabbits in order to 
assay for lethal potency. Table II sum- 
marizes the findings. Loss of clotting potency 
due to ultrasonic treatment (11.3-40.7 sec) 
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FIG. 1. Loss in clotting potency of human brain 
thromboplastin due to ultrasonic treatment. 
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FIG. 2. Dilution curves of ultrasonically treated 


human brain thromboplastin. 


did not result in a decrease in lethal potency 
of the thromboplastic suspensions. However, 
loss due to TPase action to approximately 
the same level (11.3-36.5 sec) resulted in a 
thromboplastic suspension no longer lethal 
in as high as 3x the normal lethal dose. Ultra- 


TABLE II. Effects of Intravenous Injection of Variously Treated Brain Thromboplastie Sus- 
pensions in Rabbits. 


Treatment CT, see. 
None 11.3 
Idem, with subsequent 36.5 

TPase treatment 
30’ at 10 ke 20,2 
DO eae? 40.7 
Idem, with subsequent 65.0 


TPase treatment 


Dose, 
No. ml/kg 
animals body wt Effects 
a 1.5 4 died ; 
4 Ue /5} + no reaction 
2 3.0 2 Idem 
1 4.5 ipo ee 
4 1.5 4 died 
4 1a) 4 died 
2 Thos 2 no reaction 
2 3.0 2 Idem 
1 4, 1 M4 
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sonically treated thromboplastin subsequently 
incubated with TPase lost its lethal potency 
for rabbits. 

Discussion. The results of this study lend 
further support to the assumption(2) that 
TPase-labile moiety of thromboplastin and 
its in vivo toxicity are related. As in the case 
of heat inactivated thromboplastic suspen- 
sions, loss in clotting potency after ultrasonic 
treatment is not reflected by a concomitant 
loss in lethal potency for rabbits. In addi- 
tion, the data indicate that there are at least 
2 active thromboplastic moieties in tissue 
suspensions. By clotting measurements, the 
TPase-treated thromboplastin used in these 
studies was almost identical to that of the 
ultrasonically treated suspension yet the for- 
mer was no longer toxic to rabbits while the 
latter had lost none of its toxicity. Quick 
(5,6) has presented evidence suggesting that 
brain thromboplastic extracts have a heat 
labile factor which acts directly with pro- 
thrombin, and a heat stable factor requiring 
a plasma factor to produce active thrombo- 
plastin. Whether the TPase labile factor is 
the same as, or distinct from, the heat stable 
factor is not known. However, the former 
appears to be important in producing the 
lethal effects seen upon injection of thrombo- 
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plastin into experimental animals. In addi- 
tion, it is apparent that clotting potency per 
se, as measured by im vitro clot acceleration, 
gives no indication of the physiological ac- 
tivity of tissue thromboplastins. The amount 
of phosphorus liberated by TPase under 
standard conditions appears to be a much 
better criterion. 

Summary. The effects of ultrasonic treat- 
ment on human brain thromboplastic suspen- 
sions have been presented. Although causing 
a loss in clotting potency, ultrasonic treat- 
ment does not affect the toxicity of intraven- 
ous tissue thromboplastin nor has it destroyed 
the T’Pase-labile component. The results are 
discussed and possible implications presented. 
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Method of Chorioallantoic Membrane Inoculation which Decreases 


Nonspecific Lesions. 


NIcHOLAS HAHON, ROBERT LOUIE, AND MILTON RATNER 


(23056) 


(Introduced by Dorothy G. Smith) 
Chemical Corps, Fort Detrick, Frederick, Md. 


Since the original method of chorioallantoic 
membrane (CAM) inoculation was intro- 
duced by Goodpasture(1), numerous varia- 
tions for preparing eggs for this route of in- 
oculation have followed (2-5). The preparation 
of embryonated eggs for CAM inoculation 
with pock inducing viruses is of considerable 
importance if accurate counts of the pocks are 
to be made(5-7). Nonspecific lesions due to 
trauma invariably appear when eggs are pre- 
pared for CAM inoculation. They may be 
large enough to obscure the field to be 


counted or small enough to be mistaken for 
specific lesions. Their presence can be a 
source of variation in pock enumeration and 
differentiation and can influence the accur- 
acy of pock titrations. 

The purpose of this paper is to present a 
modification of the technic of CAM inocula- 
tion which greatly reduces nonspecific lesions. 
A statistical assessment of the accuracy of 
this method is reported. 

Materials and methods. Virus and seed 
preparations. The virus used in this study 


698 Metuop or CHORIOALLANTOIC MEMBRANE INOCULATION 


Inoculation of CAM over rotated air 
space. 


IKGs ae 


was the Yamada strain of variola virus ob- 
tained through the courtesy of Dr. Joseph E. 
Smadel, Walter Reed Army Institute for Re- 
search, Washington, D.C. It was isolated 
from a Japanese patient with a moderately se- 
vere case of smallpox and when received was 
in the second CAM passage. The virus was 
passed 3 times on the CAM of 11-12-day-old 
white leghorn eggs. On the sixth passage, 
eggs. were inoculated with approximately 
5000 infectious units per 0.05 ml and incu- 
bated at 35°C for 48 hours. A working pool 
of the virus was obtained by harvesting the 
infected membranes. A 20% suspension of 
harvested membranes in heart infusion broth, 
pH 7.0, was emulsified in a Waring blendor 
for 3 minutes*and centrifuged for 10 minutes 
at 2000 rpm in an angle head centrifuge. The 
supernatant was stored in sealed ampoules in 
a dry ice chest at —70°C. Technic of prepar- 
ing eggs for CAM inoculation. 1. Eggs were 
candled and an area of the CAM was selected 
which was well developed. Areas over large 
blood vessels were avoided. 2. Over the cen- 
ter of the air space a small hole was drilled 
through the shell with a Vibro-Tool* (V-3 
hard tantalum carbide point). 3. A circle 
was outlined over the selected CAM area 
with the Vibro-Tool. The circle was drilled 
deep enough to loosen the flap of shell but 


* Burgess Vibrocrafters Inc., Grayslake, III. 


not enough to penetrate the shell membrane. 
4. The circular shell flap was detached from 
the shell membrane with a half spear point 
dissecting needle. 5. A drop of sterile saline 
was placed on the exposed shell membrane 
and a slit 1-2 mm long was made in the fibers 
of the membrane with a sterile dissecting 
needle. 6. After the saline had been in con- 
tact with the membrane for 1-2 minutes, the 
CAM was dropped by gentle suction with a 
rubber bulb thus creating an artificial air 
space. The suction was applied over the open- 
ing previously drilled in the air space. This 
was done in the beam of an egg candler so 
that the size of the air space could be visual- 
ized and controlled. The artificial air space 
was usually 20-25 mm in diameter. 7. The 
egg was rotated as soon as the arti- 
ficial air space was formed. The newly 
formed air space was moved from. the 
site of preparation to a well developed area of 
the CAM. This rotation was made to the 
left or right, depending on the location of the 
area of the CAM. The position of the arti- 
ficial air space was then outlined. 8. A min- 
ute opening was drilled in the shell with the 
Vibro-Tool, over the area of the artificial air 
space. This opening was used for the intro- 
duction of inoculum. 9. The inoculum, 0.05 
ml, was introduced into the egg (Fig. 1) from 
a 1 ml Luer-Lok tuberculin syringe fitted with 
a #26 or 27 gauge % inch needle. The in- 
oculated eggs were tilted slightly to distribute 
the inoculum evenly over the dropped area of 
the CAM. The eggs were then placed on 
their long axis in trays with the artificial air 
space uppermost and incubated undisturbed 
at 35°C for 72 hours. Leaving the openings 
in the shell unsealed in no way affected the 
viability of the egg or the formation of pocks. 
A few precautionary measures should be fol- 
lowed in this method. The slit in the shell 
membrane should be as small as possible, 
since the shell membrane is used as a natural 
seal when the eggs are rotated. In addition, 
in step 6, the artificial air space should be 
formed not later than 5 minutes after the ap- 
plication of the saline. It has been our ex- 
perience that the exposed membranes dry 
rapidly. Undue delay makes the formation 
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TABLE I. Statistical Evaluation of 2 Technics of 
CAM Inoculation Employed for Caleulation of In- 


fectious Units of Variola Derived from Pock 
Counts. 
Non-rotated Rotated 
air space air space 
Infectious units/ml (XX 107) 
6.0 5.4 
3.6 7.6 
8.6 10.0 
9.4 11.0 
5.0 4.0 
4.8 9.2 
3.6 11.0 
5.0 8.6 
5.8 6.0 
5.0 6.2 
2.4 8.0 
2.2 6.2 
3.4 5.2 
1.4 5.2 
4.0 9.8 
6.0 6.8 
4.2 8.4 
2.8 7.2 
6.0 5.4 
4.8 11.2 
5.2 7.4 
Mean ESC ME Ad Se KOE 
Stand. dev. == 1-93 + 2.14 
Stand. error of mean + 0.42 + 0.46 


of the artificial air space difficult and often 
causes it to be irregular in shape. Eggs were 
also prepared for CAM inoculation by the 
conventional method. In this procedure, the 
artificial air space was not rotated after the 
CAM was dropped. The inoculum was intro- 
duced onto the CAM through the exposed 
shell membrane. Virus titrations were car- 
ried out as follows: serial 10-fold dilutions 
ranging from 107 to 10° were made in heart 
infusion broth which contained 500 units of 
penicillin and 100 »g of streptomycin per ml. 
Virus dilutions 10* and 10° were inoculated 
on the CAM of 11-12-day-old embryonated 
eggs in quantities of 0.05 ml per egg by the 
methods described. Seven to 8 eggs were 
inoculated per dilution and incubated at 
35°C. After 72 hours incubation, the CAM 
was removed from the eggs, washed and 
floated in Petri dishes containing formol sa- 
line. The pocks were counted with the aid 
of an illuminator. This instrument facili- 
tates the examination of membranes by pass- 
ing a reflected light across a Petri dish and il- 
luminates the pocks by the darkfield prin- 
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ciple. The number of infectious units per ml 
of the suspension was determined by counting 
the number of pocks per membrane and cal- 
culating for the dilution. Usually 7-8 mem- 
branes per dilution were counted. The aver- 
age number of pocks per membrane was mul- 
tiplied by 20 (for conversion to a ml basis) 
and by the dilution factor. The membranes 
employed to determine the concentration of 
infectious units were those which contained 
between 0 and 100 pocks. 


Results. Accuracy of method. A total of 
42 titrations were made to test the difference 
between the treatments employing rotated and 
non-rotated eggs. Twenty-one _ titrations 
were made with each treatment. One virus 
pool was used throughout the test and the 
dilution technics, inoculation, incubation and 
pock counting were kept standard. 


Results of the treatments and _ statistical 
calculations are shown in Table I. Different 
mean values were apparent for both treat- 
ments, with a higher mean being obtained for 
the rotated method. A test of significance 
was made to evaluate the difference between 
the means of both treatments. The t value 
obtained was 4.580 for 40 degrees of freedom. 
The probability was less than 1 in 1000 that 
this value could occur by chance alone. The 
difference between the means was highly sig- 
nificant. The incidence of non-specific lesions 
in the non-rotated treatment was 66% higher 
than in the rotated treatment. 


Discussion. ‘The mean value found when 
the method of rotating the artificial air space 
was used was significantly higher than the 
value for the non-rotated method of CAM in- 
oculation. The higher mean value obtained 
was probably due to the low incidence (4%) 
of nonspecific lesions. The non-rotated treat- 
ment induced a 70% incidence of nonspecific 
lesions which probably retarded or obscured 
specific pock lesions. Traumatic lesions gen- 
erally occur in the area where the CAM is 
initially dropped. By rotation of the artifi- 
cial air space to a new area of the CAM, the 
nonspecific lesions which may appear are left 
in the initial CAM area. Consequently, they 
do not interfere with pock formation or count- 


ing. A great deal of experience is not re- 
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quired to prepare a CAM area free of trau- 
matic lesions with this method. 

The principal advantage of this new meth- 
od is that it reduces nonspecific lesions due 
to trauma, thereby increasing the accuracy 
of titrations. The reduction of nonspecific 
lesions also facilitates detection of pock in- 
ducing viruses in diagnostic work which may 
be masked by nonspecific lesions. 

Summary. A modified method of CAM in- 
oculation is described which greatly reduces 
nonspecific lesions and increases the accur- 
acy of titrations. 


Effect of Estradiol on Fibrinolytic Activity of Rat Uterus.* 


1. Goodpasture, E. W., Woodruff, A. M., and 
Buddingh, G. J., Sci., 1931, v74, 371. 

2. Bengtson, I. A., and Dyer, R. E., Pub. Health 
Rept., Wash., 1935, v59, 1489. 

3. Burnet, F. M., and Faris, D. D., J. Bacteriol., 
1942, v44, 241. 

4. Dunham, W. B., Sci., 1942, v95, 609. 

5. Beveridge, W. I. B., and Burnet, F. M., Med. 
Res. Counc., 1946, Spec. Rep. No. 256. 

6. Keogh, E. V., J. Path. and Bacteriol., 1936, v43, 
441, 

7. Reid, D. B. W., Crawley, J. F., and Rhodes, 
A. J., J. Immunol., 1949, v63, 165. 


P.S.E.B.M., 1957, v94. 


Received January 22, 1957. 


(23057) 


Oe K. ALBRECHTSEN (Introduced by Tage Astrup) 
Biological Institute, Carlsberg Foundation, Copenhagen, Denmark. 


The rat uterus contains an activator of 
plasminogen(1). The present investigation 
demonstrates a correlation between concen- 
tration of the tissue activator in the rat 
uterus and the estrous cycle. 

Methods. Concentration of the tissue ac- 
tivator of plasminogen in the uterus was esti- 
mated by the quantitative and_ selective 
method described previously(2). In _ prin- 
ciple the activator is extracted with potas- 
sium thiocyanate solution, precipitated at 
acid reaction, redissolved and the concentra- 
tion estimated by fibrin plate method(3). 
The activator concentration is calculated in 
units of a standard preparation/gram fresh 
tissue. The estradiol dipropionate solution 
contained 20 ug/ml in olive oil. White rats 
weighing 200-300 g were used. The weight 
of animals, macroscopic appearance and 
weight of the uterus and microscopic appear- 
ance of the vaginal smear were recorded. 
Concentration and amount of tissue activator 
in 3 series of animals (total 32) are presented 


* Supported by grants from Josiah Macy Jr. Foun- 
dation, N. Y., to Dr. Tage Astrup and The Apoteker 
August Kongsteds Legat. L@vens kemiske Fabrik, 
Copenhagen, kindly supplied the animals, the estra- 
diol preparation and bovine thrombin used. The 
technical assistance of Mona Rimestad is acknowl- 
edged. 


in Table I. Six animals were killed immedi- 
ately with chloroform and tissue activator 
concentration in the uterus estimated as de- 
scribed. Twenty-six animals were ovariec- 
tomized under ether anesthesia. Eleven of 
these, after 4-7 weeks without further treat- 
ment, were killed with chloroform and the 
uterus immediately removed and investigated. 
Eight of the ovariectomized animals were 
given 1 ml estradiol dipropionate solution 
intramuscularly every third day (from 5-11 
times). Animals were killed in early estrus 
some days after the last injection, after ex- 
amination of the vaginal smear (Allen- 
Doisy). The uterus was then removed and 
investigated. Seven of the ovariectomized 
animals were given 1 ml estradiol dipropion- 
ate solution intramuscularly every third day 
(from 2 to 4 times). The animals were then 
kept until vaginal smear showed them to be 
in late estrus (after 17 to 56 days). They 
were then killed and the uterus analysed. Ad- 
ditional confirmative control experiments are 
not included in the Table. 

Results. The present investigation con- 
cerns tissue activator concentration in the 
rat uterus during the estrous cycle in the hope 
of confirming experimentally previous results 
with samples of human endometrium (in dif- 
ferent stages of menstrual cycle) and human 
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TABLE I. Effect of Estradiol on Content of Tis- 
sue Activator of Plasminogen in the Rat Uterus. 
a ee 


Units/whole 
Uterus Units/g uterus 
Treatment wt,mg & (avg) & (avg) 
Untreated controls 427 18 (16) 8 (5) 
325 16 5 
555 6 3 
9 
18 
27 
Ovariectomized 4 58 17 (18) aan 
to 7 wk (no epi- 59 12 1 
thelial cells in 55 12 ul 
vaginal smear) 53 12 1 
(anestrus) 95 14 ] 
60 21 1 
90 23 2 
80 23 2 
100 23 2 
75 10 1 
105 2 3 
Ovariectomized ; 280 30 (20) 8 (7) 
estradioldipro- 276 29 8 
pionate 5 to 11 310 30 9 
times; killed 400 30 12 
some days after 370 8 3 
last inj. (early 380 15 6 
estrus) 475 10 5 
475 8 4 
Ovariectomized ; 240 43 (53) 10 (15) 
estradioldipro- 250 56 14 
pionate 2 to 4 375 45 lyf 
times; killed 280 56 16 
17 to 56 days 250 96 24 
after last inj. 260 34 9 
(late estrus) 320 38 12 


myometrium. 

Fibrinolytic activity of human endomet- 
rium is caused by an activator of plasmino- 
gen(4,5) similar to the activator present in 
other human and animal tissues(6,7). Its 
concentration is increased in the secretory 
stage and decreases with age. High concen- 
trations are also found in certain cases of 
pathological uterine bleedings. This sug- 
gests that the tissue activator in the endo- 
metrium is under hormonal influence and 
probably indicates a correlation with the oc- 
currence of bleedings(4). Independent of 
age the human myometrium contains large 
amounts of an activator of plasminogen(8). 


In the rat uterus the myometrium could not 
be separated from the epithelial layer. How- 
ever, the epithelial layer in an uterus from a 
castrated animal is atrophic. Therefore all 
activity found in these uteri must be con- 
tained in the myometrium. The average con- 
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centration of the tissue activator/gram of 
uterine tissue in the ovariectomized animals 
(18 units), in uteri from the normal controls 
(16 units) and in animals in early estrus (20 
units) is nearly equal. Similar results (not 
included in the Table) were obtained with 
14 normal animals (not ovariectomized) 
which were killed from 1 to 6 days after re- 
ceiving 5 to 7 injections of 1 ml estradiol 
dipropionate. Concentration in the uteri from 
these animals varied from 9 to 33 units/gram 
of fresh tissue (average 18). These results 
indicate that tissue activator concentration 
in the myometrium is independent of castra- 
tion. Total amount of tissue activator in the 
uterus decreases after castration because the 
uterus decreases in weight. These results are 
in accordance with those previously obtained 
with the human myometrium(8). 

The last 7 animals were killed when the 
number of epithelial cells in the vaginal smear 
began to decrease and were replaced by leu- 
cocytes (late estrus). Concentration of the 
tissue activator in this group was increased 
and ranged from 34 to 96 units/gram (aver- 
age 53 units) corresponding to total amount 
ranging from 9 to 24 units (average 15). Al- 
though not proved it is most probable that 
increase In concentration from early to late 
estrus is caused by increase in concentration 
of the tissue activator in the epithelial layer. 
This increase in tissue activator concentra- 
tion during late estrus, corresponds therefore 
to increased concentration in the human en- 
dometrium in the secretory stage. 

The heart, brain and lung from 4 of ani- 
mals in anestrus, 3 of those in early estrus 
and 2 in late estrus were also investigated to 
estimate concentration of tissue activator 
during different stages of the estrous cycle. 
Tissue activator concentration varied consid- 
erably from animal to animal, but no correla- 
tion to the estrous cycle was found. 

Discussion. Page, Glendening and Park- 
inson(9) suggested a fibrinolytic enzyme to 
be present in the rabbit uterus. Our previ- 
ous investigations have shown that fibrino- 
lytic activity in uterus of rat and rabbit is 
caused by an activator of plasminogen and 
not by a fibrinolytic enzyme proper(1). The 
distinction between a fibrinolytic enzyme and 
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an activator of plasminogen is possible by 
comparing effects on normal bovine fibrin 
(which contains plasminogen) and heated 
bovine fibrin (with no plasminogen) (10). Ex- 
tracts from the rat and rabbit uterus digested 
normal bovine fibrin’ whereas no digestion 
was obtained on heated fibrin. 

The “enzyme” of Page e¢ al. increased in 
concentration during estrogen withdrawal 
whereas castration caused a decrease. Con- 
trary to these findings we found no decrease 
in tissue activator concentration after castra- 
tion of rats. The discrepancy between our 
results on rats and those of Page e¢ al. on 
rabbits could be caused by differences be- 
tween the animal species. 

Summary. 1. Concentration of tissue ac- 
tivator of plasminogen in the rat uterus has 
been estimated in different stages of the es- 
trous cycle. 2. An increase in concentra- 
tion was recorded during late estrus, whereas 
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castration had no influence upon the concen- 
tration. 3. These results are in accordance 
with those found for human endometrium 
and myometrium. 
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Considerable attention has been devoted to 
the inhibitive effects of physostigmine (eser- 
ine), prostigmine, miotine and other carba- 
mates on acetylcholine esterase and cholin- 
esterase(1,2), which are representative of 
the so-called ‘“azolesterases’’(3). Much less 
work has been done on effects of urethans 
on ordinary esterases, i.e. aliesterases, and on 
the enzymatic hydrolysis of carbamic acid 
esters(1,4). For example, eserine but not 
urethan inhibited a mycobacterial esterase 
that hydrolyzed tributyrin, ethyl and amyl 
butyrates, butyl propionate and_ benzoate, 
and ethyl valerate(5). In another study, 9 
different urethans were attacked by a pig 
liver esterase extremely slowly if at all, but 
interfered with hydrolysis of methyl butyrate 
and tributyrin(6). 


,* This investigation was supported in part by re- 
search grant from Nat. Inst., Nat. Inst. 
Health, U.S.P.HS. 
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This difference in susceptibility of car- 


bamic acid esters to pig liver esterase moti- 


vated the present investigations on metabol-_ 


ism of esters by Streptomyces nitrificans, an 
actinomycete which hydrolyzes(7,8), respires 
(9,10), nitrifies(8,9,11) and grows(7,10,12) 
on urethan and other carbamates. In an ex- 
tensive survey of soil microflora, S. nitrificans 
was the only organism capable of developing 
in a mineral solution with ethyl carbamate as 
the source of available nitrogen, carbon, and 
energy(7). This unique culture was there- 
fore assumed a priori to possess esterase ac- 
tivity not inhibited by urethan. The results 
presented in this paper show that urethan- 
grown cell material of S. nitrificans metabo- 
lizes a wide range of esters. 


Materials and methods. Mycelium of S, 
nitrificans was grown on urethan in static 
cultures, harvested, washed, and homogenized 


as reported previously(10,12). — Respiro- 
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TABLE I. Metabolism of Esters by Urethan- 
Grown 8S. nitrificans. 
Substrate, Interval,* Jo OXi- 


10 wmoles/vessel min, Qo.(N) dation 


None (autorespiration) 120 29 
Methyl formate 40 102 15 
Ethyl ‘ 50 116 17 
Trimethyl orthoformate 40 266 22 
Triethyl st 220 305 74 
Ethyl acetate 30 169 21 
n-Propyl ” 70 170 19 
n-Butyl ” 80 162 ily 
Diethyl succinate 80 411 36 
190+ 247 51 
x malonate 110 242 34 
oxalate 60 247 24 
Triethyl citrate 50 212 8 
Dimethyl carbonate 40 313 44 
Diethyl i 50 306 27 
Ethylene J 40 311 52 
Propylene ‘es 40 285 30 
Methyl cyanoacetate 110 168 64 
Ethyl - 70 241 39 
Methyl dichloroacetate 50 200 42 
Ethyl nitrate 120¢ 13 
Tetraethyl orthosilicate 40 250 9 
Tributyl phosphate 120t 44 
Benzyl cyanide 3004 172 
Acetyleholine + HCl 300t 6 es 
i 300¢ 39 


Choline - HCl 


* Unless otherwise indicated, intervals extend 
from time zero (substrate addition) to breaks in 
the curves. 

+ Diethyl succinate curve showed 2 breaks, one 
at 80 and a second after 190 min. 

t No breaks in these curves. 


metric experiments were carried out at 30°C 
in the conventional manner. Each Warburg 
vessel of approximately 16 ml capacity con- 
tained 0.1 ml of 50% KOH in the center well 
and 2.1 ml of fluid representing substrates 
and cell homogenate, equivalent to 1.4 mg 
cell nitrogen, in M/50 phosphate buffer sup- 
plemented with trace metals and adjusted to 
pH 7.0(10,12). All values for Qoz(N) have 
been corrected by subtracting the autorespira- 
tion. 

Results. The data in Table I have been 
calculated from curves showing rates of gas 
consumption in Warburg respirometric ex- 
periments. The results reveal marked rises 
in oxygen uptake following addition of all 
substrates except ethyl nitrate, tributyl phos- 
phate, acetylcholine, and choline. These 4 
compounds caused some increases In gas Con- 
sumption but to appreciably lesser extents. 
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At the intervals indicated in Table I, rates of 
gas consumption decreased, 7.e. the curves 
showed breaks, and tended to parallel the 
autorespiration except for the diethyl esters 
of succinate, malonate, and oxalate. With 
these 3 compounds, the rates of oxygen up- 
take, following breaks in the curves, con- 
tinued to exceed that shown by the substrate- 
free vessel. For diethyl succinate a second 
break was observed after 190 minutes. ° 

In other work reported elsewhere(8), an 
identically prepared cell homogenate which 
metabolized urethans under similar condi- 
tions was characterized by Qos(N) values of 
16, 35, 52, and 60 for 5.0 wmoles of methyl, 
ethyl, n-propyl, and n-butyl carbamates,. re- 
spectively. Doubling the level at which these 
substrates were supplied did not significantly 
alter rate of oxygen uptake following their 
addition. Most esters listed in Table I were 
therefore metabolized from about 2 to 7 
times as rapidly as the propyl and butyl ure- 
thans. The Qos(N) for methyl formate was 
almost 6.5 times the corresponding value for 
methyl carbamate. The respective ethyl es- 
ters showed a 3.3-fold difference in Qo2(N). 
This variation in the reactivity for esters of 
carbamic acid as compared with other acids 
is probably not due to permeability difficulties 
since simple, low molecular weight, water- 
soluble esters generally traverse cell mem- 
branes with ease over a broad pH range(13). 
Furthermore, the mycelium of S. nitrificans 
used in these experiments had been homoge- 
nized by grinding(10,12). 

When grown on peptone, glycerol, and yeast 
extract instead of urethan, the cell material 
of this organism showed no significant in- 
crease in oxygen uptake upon the addition of 
10.0 pmoles of ethyl carbamate, for which 
the Qoz(N) was 0.06(10). In the present 
studies, however, such mycelium did show a 
rise in gas consumption when supplied with 
10.0 pwmoles each of triethyl orthoformate, 
Qoz(N) = 19, and diethyl carbonate, Qo2(N) 
= 13. But the corresponding values obtained 
with the urethan-grown preparation (Table 
I) were 16- and 26-fold greater. With ethyl 
carbamate as substrate, the Qo.(N) = 35 
for urethan-grown cell material(8) was 583 
times the Qo2(N) = 0.06 for mycelium cul- 
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tivated on peptone, glycerol, and yeast ex- 
tract(10). 

The relatively low activity of ethyl nitrate 
(Table I) is perplexing, since Qo2(N) values 
for 10.0 umoles of ethanol alone or supple- 
mented with 10.0 umoles of NaNOs were 46 
and 43, respectively. The increase in oxygen 
uptake associated with choline, Qos(N) = 
39, was somewhat greater than for ethyl car- 
bamate, Qos(N) = 35, but acetylcholine, 
Qo2(N) = 6, showed the least effect of any 
ester. This reactivity of acetylcholine was of 
the same order of magnitude as the low acetyl- 
choline-splitting ability observed with some 
bacteria(14,15). As regards choline, urethan 
caused a 67% inhibition in the activity of 
mature chicken bone marrow choline oxidase 
(16). But this avian tissue behaves differ- 
ently from S. nitrificans. Urethan treatment 
did not reduce autorespiration or succinoxi- 
dase in chicken bone marrow, whereas both 
endogenous and succinate oxidation were sig- 
nificantly lowered by growing the actinomy- 
cete on ethyl carbamate as compared to pep- 
tone, glycerol, and yeast extract(10,12). 

Of those esters which exhibited breaks in 
their curves, triethyl citrate and tetraethyl 
orthosilicate were associated with the lowest 
values for percentage of substrate oxidation, 
while triethyl orthoformate was respired to 
the greatest extent (Table I). In other 
studies with urethan-grown cell material, 17, 
35, 36, and 18% of methyl, ethyl, n-propyl, 
and n-butyl carbamates were respectively oxi- 
dized(8). These data, however, are some- 
what high since they were calculated on the 
assumption that the NH» group of the car- 
bamate is completely converted to NHs. Ac- 
tually, some nitrite is formed(7,8,10), so that 
oxidation of the alcohol-moiety of the esters 
does not account for all the oxygen consumed. 
This may explain at least in part the greater 
percentage oxidation of. methyl and ethyl 
carbamates as compared to the corresponding 
formate esters. Since the urethans but not 
the formates can provide nitrogen for protein 
synthesis, one might have expected greater 
oxidative assimilation with the former. 

Information on the metabolism of esters by 
actinomycetes is relatively limited. For 
Streptomyces griseus and other actinomycetes, 
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tristearin, trilaurin, as well as vegetable and 
animal oils supported satisfactory growth and 
Various glyco-- 
lipids, phosphoglycerides, lipoproteins, choles-_ 
terol esters, acetylcholine and other esters 
present in myelin and human atherosclerotic | 
aorta plaques served as growth or respiration 
substrates for many soil actinomycetes(18,19, 
20). For a myelinolytic strain of S. griseus, 
acetylcholine allowed good cellular prolifera- 
tion but increased rate of oxygen uptake only 
slightly in a Warburg experiment; choline, on 
the other hand, did not permit growth and de- 
pressed gas consumption(20). These studies 
and the present investigations are believed to 
provide the first information on acetylcholine 
esterase among actinomycetes. 

Summary. A homogenate of urethan- 
grown S. nitrificans exhibited a marked in- 
crease in oxygen uptake when supplied with 
many esters. Carbamates generally exerted 
a lesser though significant stimulation of gas 
consumption. Growth on urethan therefore 
produced cell material containing esterase(s) 
characterized by broad spectrum activity. 
But whether carbamates are hydrolyzed by 
these or specific enzymes is not yet known. 
Acetylcholine showed the least activity of all 
substrates tested, although choline caused an 
appreciable increase in oxygen uptake. 
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Previous publications from our laboratory 
have been concerned with the roles of short 
chain fatty acids, bicarbonate and glucose as 
precursors of milk-constituents(1-9). These 
have been studied by intravenous injection of 
various metabolites appropriately labeled 
with C™. Acetate is the principal metabolite 
derived from fermentation of carbohydrates 
in the rumen(10), and we have shown that it 
is a precursor of all milk-constituents, as well 
as being extensively catabolised to meet en- 
ergy requirements. As might be expected, 
plasma acetate is a potent precursor of the 
fatty acid moiety of milk fat, but acetate car- 
bon is also utilized in synthesis of the glycerol 
moiety. In view of the large amount of ace- 
tate available to cow’s tissues, this latter syn- 
thesis is probably an important source of gly- 
cerol. The evidence indicates that it takes 
place via the tricarboxylic acid cycle as well 
as via fixation of carbon dioxide derived from 
acetate oxidation(8,9). 

The work of Popjak, Folley e¢ al.(11,12) 
with perfused udders has shown that a consid- 
erable part of milk fat synthesis from small 
molecules takes place in the mammary gland 
itself. In this experiment 2-C™ labeled ace- 
tate was injected into the cistern of one quar- 
ter of the mammary gland of an intact cow, 
and radioactivities of milk fat components 
from that quarter were compared with those 
from the other 3 quarters and with those from 
a similarly labeled acetate injection made in- 
travenously. 


Methods. The technic for conducting 
tracer experiments with intact cows has been 
described by Kleiber(1). Following injec- 
tion of labeled acetate, continuous samples of 
respired carbon dioxide were taken for the 
first 3 hours and then for short periods at in- 
tervals up to 35 hours. The cow was milked 
at 3, 10, 22, and 35 hours after injection. De- 
tails of injections and characteristics of the 
cows are tabulated in Table !. The fats were 
separated from milk samples and 4 crude 
fractions prepared from each. These were 
the glycerol, water-soluble steam-volatile 
fatty acids, water-insoluble steam-volatile ~ 
fatty acids, and non-volatile fatty acids. De- 
tails of separation are described by Rogers 
(9). A sample of each fraction was com- 
busted and the resultant carbon dioxide was 
trapped as barium carbonate. This was plan- 
chetted and counted at infinite thickness in a 
flow-gas counter. Udder injection of acetate 
was made into the right front quarter by 
passing a large blunt needle up the teat canal 
and depositing the acetate in the milk cistern. 


TABLE I. Details of Animals Used and Isotope 
Injected. 
Udder inj. Intrav. inj. 
exp. exp. 
Wt of cow 478.5 470 
Milk production, 1.4 7.6 
kg/day 
Fat, % 4.8 5.7 
Isotope inj. 1.20 me 3.86 me 
C“H,COOH OC“H,COOH 
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TABLE II. Integrated Radioactivities of Milk Fat Constituents. 


sea = : 
Glycerol Sol. VFA Insol. VFA NVFA =f ps at 
Udder injection RFQ. 30.51 249.6 431.04 171.78 ne 
i be 3Q 16.07 43.3 61.75 15.44 ; 
Intray. injection 27.9 797 83.1 16.8 62.78 


This quarter was subsequently milked out 
separately from the others, and the data re- 
ferring to this milk are henceforth indicated 
by the abbreviation RFQ. A similar abbrevia- 
tion for the other 3 quarters is 3Q, and the 
intravenous injection data are indicated by 
the abbreviation i.v. 

Results. The results are summarized in 
Table II and Fig. 1. Radioactivity of each 
sample was determined as “Standardized Spe- 
cific Activity A,”(2) of which the units are 


pc/g atom carbon pe injected/kg body 
weight. By dividing specific activity by ad- 
ministered dosage, it is possible to compare 
results from experiments in which different 
dosages were injected into animals of different 
weights. As metabolic processes take place 
at different rates, the specific activity of a 
milk-constituent is not necessarily a guide to 
the extent to which it is synthesized from in- 
jected metabolite. The best indication of the 
potency of an injected metabolite as pre- 
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cursor of a milk-constituent is given by the 
time integral of specific activity of that con- 
stituent. This is easily determined since spe- 
cific activity of a milk-constituent from any 
milk sample is the average specific activity of 
that constituent which has been secreted since 
the previous milking. Therefore, each aver- 
age radioactivity can be multiplied by the 
number of hours in its milking period to give 
the integral for that period, and the sum of 
these will be the integral for the entire period 
ue A, At. The time integral of the respired 
carbon dioxide activity is designated ,J p, dt. 
The graphs in Fig. 1 illustrate the remark- 
ably different activities of fat fractions from 
the RFQ and those from the 3Q. The fact 
that there is a difference shows that at least 
some of each fraction is synthesized in the 
mammary gland itself. The magnitudes of 
the differences are illuminating. Glycerol is 
only twice as radioactive from the RFQ as 
from the 3Q, whereas the 3 fatty acid frac- 
tions are more radioactive by factors of 6, 7, 
and 11 for soluble-volatile, insoluble-volatile 
and non-volatile fatty acids, respectively. In 
the RFQ the glycerol has much lower radio- 
activity than fatty acid fractions associated 
with it. In the 3Q, however, the relative dif- 
ference is smaller and the ratio of radioactivi- 
ties of glycerol and fatty acids is of a similar 
order to that seen previously where the la- 
beled acetate was injected intravenously. 
From these 2 observations one can infer that 
there is less glycerol synthesis from acetate 
in the mammary gland than there is fatty 
acid synthesis. It is also apparent that mam- 
mary tissue cells are extremely active in syn- 
thesis of fatty acids of all chain lengths. 
One of the most striking results from the 
udder injection experiment is that labeled 
acetate seemed to stay in the mammary gland 
and did not distribute throughout the body 
of the cow. This is clearly shown by the 
very small time integral of radioactivity of 
respired carbon dioxide, which is only 6.4% 
of that following a similar intravenous injec- 
tion. It might be concluded from this that 
certainly less than 10% of injected acetate 
found its way into the circulation despite the 
vascularity of the udder. Similarly, the 
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enormously greater radioactivity of milk fat 
constituents in the RFQ than in the 3Q and 
the persistence of the difference through 35 
hours suggest that diffusion through the ex- 
travascular fluid is also limited. This appar- 
ent immobilization of injected acetate is not 
at all consistent with other observations con- 
cerning diffusion of small molecules in fluids 
of the body. An explanation is suggested by 
some other observations. As was previously 
reported(9), the most radioactive fat was re- 
covered from the second milk sample after 
intravenous injection of a labeled precursor. 
The peak radioactivities of lactose and other 
milk constituents were seen in the first milk 
sample(2-8). The same phenomenon was 
observed even where labeled acetate was in- 
jected into the mammary gland, showing that 
the delay is not due to slow transport of fat 
to the udder from other synthetic sites. The 
work of Popjak, Folley e¢ a/.(11,12) with sur- 
viving slices of mammary tissue shows that 
actual synthesis of fatty acids from acetate is 
rapid. Furthermore, delay of peak radio- 
activity is observed in the glycerol moiety of 
fat as well, but peak of radioactivity in the 
lactose(8,13) is seen in the first milk sample 
in all trials, including this udder experiment. 
Since glycerol and lactose syntheses from 
acetate have common pathways, it is evident 
that the delay is not one of synthesis. There- 
fore, we have additional evidence for a pre- 
vious suggestion(9) that the fat from the 
second milk sample is always more radioac- 
tive than the first because of a delay in ac- 
tual secretion of fat. 


If it is assumed, therefore, that injected 
acetate is rapidly utilized by cells adjacent 
to the milk cistern for fat synthesis and that 
this fat is only secreted several hours later, 
the apparent immobility of injected acetate 
seems less paradoxical. Continuance of the 
difference of the radioactivities of fat frac- 
tions between RFQ and 3Q even after 35 
hours is understandable if the mammary 
gland is still secreting fat which was actually 
synthesized very shortly after injection of 
labeled acetate into the RFQ. The obviously 
small amount of injected acetate that diffused 
away from the RFQ can be accounted for in 
two ways. First, the rate of its incorporation 
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into fat molecules may have been much faster 
than the possible passive diffusion of acetate 
through the extravascular fluid. Second, the 
rate of acetate utilization for biosynthesis and 
catabolism in cells adjacent to the milk cis- 
tern might be so great that there is a steep 
diffusion gradient down towards that area, so 
that the number of acetate molecules moving 
in the opposite direction is small. 

Summary. 1. 2-C1* labeled acetate was 
injected into the milk cistern of the right 
front quarter of a lactating cow. This quar- 
ter was subsequently milked separately from 
the other 3 quarters and radioactivities of 
milk fat constituents from each were deter- 
mined. 2. The data confirm that there is a 
delay of several hours between synthesis and 
secretion of milk fat. 3. A surprisingly small 
amount. of the injected acetate diffused into 
the other 3 quarters or into the rest of the 
body. This can be accounted for by its rapid 
utilization for milk synthesis near the site of 
injection. 4. Fatty acids of all chain lengths 
and glycerol seem to be synthesized from ace- 
tate in the mammary gland itself. The gly- 
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cerol synthesis, however, is on a smaller scale. 
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Activation of purified prothrombin — to 
thrombin can be achieved with the use of 
several combinations of materials separated 
from natural sources. All these “activator” 
factors are dispensable for even in 25% so- 
dium citrate solution thrombin activity de- 
velops by autocatalytic mechanisms(1) thus 
indicating that the site on the prothrombin 
molecule which gives rise to thrombin activity 
is a structure arising only from changes in the 
prothrombin molecule itself. In addition to 
thrombin other derivatives can be obtained 
(2,3,4). Certain of these have a function in 
clotting of blood and it is likely that factor 


* This investigation was supported by research 
grant from Natl. Heart Inst., N.I.H. 


VII and plasma thromboplastin component 
(PTC) are derivatives of prothrombin(2,3). 
One derivative can again be reconverted to 
prothrombin by means of liver mitochondria 
preparations (5,6). 


In the presence of thrombin, fibrinogen ac- 
tivates and subsequently polymerizes; and 
synthetic substrates, such as tosylarginine 
methyl ester (TAMe), are hydrolyzed(7). 
Thrombin can thus be regarded as an ester- 
ase, and in accordance with that view we have 
recently found that it hydrolyzes tributyrin 
quite effectively. Equally interesting is the 
discovery, reported here, that clotting ac- 
tivity of thrombin may decrease while the 
esterase activity is retained. Thus, we have 


ESTERASE THROMBIN 


TABLE I. Changes in Activity of Thrombin 
Preparation at 28°C. 

Time, hr Units thrombin activity* 
0 520 (520) 270 (270) 103 (103) 
24 380 (515) 160 (280) 75 (100) 
50 275 (500) 130 (280) 40 (100) 
120 180 (510) 47 (270) 20 ( 80) 
180 105 (510) 25 (150) 0(¢ 40) 


* Activity expressed in units/ml. Clotting aetiv- 
ity is given first and esterase activity in parenthe- 
sis. 


found another prothrombin derivative of in- 
terest in blood clotting and enzymology. 

Methods. Purified biothrombin was pre- 
pared from purified bovine prothrombin as 
described by Seegers and Alkjaersig(8). The 
preparations were of high quality as indicated 
by several criteria. For example, the specific 
activity was equivalent to the highest previ- 
ously obtained in this laboratory and in the 
ultracentrifuge virtually a single peak was 
observed. Clotting activity was measured by 
the method of Seegers and Smith(9), and 
esterase activity as described by Sherry, Troll 
and Wachman(7). For purposes of com- 
parison a unit of clotting activity was re- 
garded as equivalent to a unit of esterase ac- 
tivity. 

Results. The biothrombin was placed in 
0.9% NaCl solution and adjusted to pH 7.25. 
At room temperature clotting activity or ca- 
pacity to activate fibrinogen was gradually 
lost (Table I). The esterase activity was 
more stable. Actually 3 different concentra- 
tions of the same thrombin preparation were 
studied. In the lowest concentration all clot- 
ting activity was lost while about 40% of the 
esterase activity remained. In the highest 
concentration studied, 80% of clotting ac- 
tivity was lost while all esterase properties re- 
mained stable. Experiments of this kind have 
been performed repeatedly and also with cit- 
rate thrombin. We find that it is possible to 
have all of the clotting properties disappear ; 
however, the stability of the esterase is as yet 
not predictable. It is only possible to say 
that it is the more stable of the two activities. 

Discussion. Many experiments have been 
performed to activate purified prothrombin so 
that another derivative besides thrombin is 
obtained(2,3,4). These derivatives evidently 
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have physical-chemical properties — slightly 
different from prothrombin itself(8) and all 
have the quality of being refractory to be- 
coming thrombin in the presence of solu- 
tions wherein prothrombin ordinarily  be- 
comes thrombin. The view that some of 
these derivatives of prothrombin possess ac- 
tivities formerly attributed to “new” clotting 
factors, having no relationship to prothrom- 
bin, ascribes unusual qualities to a protein 
molecule. In furtherance of these ideas we 
suppose that the esterase and clotting activ- 
ity are a property of a single molecule derived 
from prothrombin. This is biothrombin. By 
further modification of the molecule the clot- 
ting activity is lost, and only esterase activity 
remains. This we call esterase thrombin. We 
do not believe that these 2 kinds of activity 
are possessed by separate molecules derived 
from 2 kinds of precursors. It is interesting 
that we have not been able to have clotting 
activity without the esterase activity. We 
imagine that esterase thrombin can inactivate 
antithrombin and lyse fibrin clots in the same 
way as biothrombin can(10,11); and accord- 
ingly, are conducting experiments to see 
whether it does. Furthermore, an attempt is 
being made to activate prothrombin directly 
to esterase thrombin, for in the above experi- 
ments only the following sequence was ob- 
served: Prothrombin> Biothrombin> Esterase 
thrombin. 


Summary. Purified bovine prothrombin 
preparations may lose the property of clot- 
ting fibrinogen but retain esterase activity. 
It is likely that a single molecule possesses 
the 2 activities. When biothrombin has lost 
clotting activity and only esterase activity 
remains, it is called esterase thrombin. 
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Recent reports by Reismann et al.(1) indi- 
cate that dissociable iron salts are readily ab- 
sorbed through anatomically intact intestinal 
mucosa. Although the actual amount ab- 
sorbed is small, toxic and lethal effects may 
result. Numerous studies have shown that 
intestinal absorption of iron is influenced by 
various types of anemia and _ fever(2). 
Granick(2) has postulated that oxygen con- 
tent of the intestinal mucosal cells may in- 
fluence absorption of iron by modification of 
the redox potential within the cell. 

The purpose of this investigation was to 
study the relative amounts of ferrous iron ab- 
sorbed at widely divergent oxygen tensions in 
the environmental air. It was desired to de- 
termine the effects of oxygen tension without 
accompanying anemia, infection, or modifica- 
tion of the diet. 

Methods. Male and female albino rats, 
ranging in size from 150 g to 250 g were em- 
ployed as test animals. All animals were 
starved for 24 hours prior to experimentation. 
Iron was administered in dose of 100 mg/ 
kg of elemental iron as ferrous sulfate by 
stomach tube. Control serum iron levels were 
determined for each animal, following which 
the animals were fed the iron and immedi- 
ately exposed to environmental oxygen ten- 
sions of 3 widely varying amounts. One 
group was exposed to oxygen tension of 54 
mm Hg obtained by placing the animals at a 
simulated altitude of 26,000 feet. A second 
group remained at ambient oxygen pressure 
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of 125 mm Hg (Denver altitude, 5,280 feet). 
A third group was exposed to pure oxygen at 
total pressure of 1390 mm Hg. The oxygen 
tensions and values employed are approxi- 
mate, varying slightly with day to day baro- 
metric pressure and temperature. After 2 
hours exposure to various oxygen tensions, the 
total serum iron was again determined. All 
serum iron values were obtained by modifica- 
tion of spectrophotometric method of Barkan 
and Walker(3) in which o-phenanthroline is 
used. Blood samples of 1.5 cc were drawn 
under light ether anesthesia from the right 
external jugular vein for serum iron determin- 
ations. A large number of control serum 
iron levels were made. One control group 
was exposed to 54 mm Hg oxygen and a sec- 
ond control group was placed in 1390 mm Hg 
oxygen for 2 hours without administration of 
iron. There was no visible necrosis or sig- 
nificant inflammation noted in the intestinal 
tract of animals autopsied at end of experi- 
mental periods. 

Results. The results are tabulated in 
Table I. There was a significant increase in 
total serum iron levels in all 3 iron-fed groups. 
In addition there was a significant difference 
between serum iron values for each group of 
animals at each oxygen tension level. There 
was a small difference from control levels in 
animals exposed to high or low oxygen ten- 
sions, but not administered iron. A large 
group of control serum iron values were deter- 
mined to establish the normal levels for the 
rat colony, including sex differences. 

Discussion. From the observed results it 
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TABLE I. Total Serum Iron Levels at Low, Ambient and High Oxygen Tension. 


Total serum iron, ug % 


No. 

Groups animals Normal 
Controls 85 182+ 6 
Fe+ low O, tension 15 210 + 15 

* +. ambient ave 177 + 16 
* + high 16 158 + 11 
No Fe, low O, tension 13 
high 10 
D Ae 
*C.R. = ———,, compared to Fe + high O, tension. 
a diff. 


t Stand. error. 


appears that environmental oxygen tension 
does affect relative rate of ferrous iron ab- 
sorption from the gastro-intestinal tract. In- 
asmuch as the non-beta-globulin bound iron 
is believed to leave the circulation rapidly (4), 
the serum iron level may not provide an ac- 
curate measurement of amount of iron ab- 
sorbed. However, due to the short experi- 
mental period (2 hours) and the very small 
amount of iron absorbed at the dose level em- 
ployed(1), it is felt that a reasonable estima- 
tion of relative rates of absorption was ob- 
tained. The effect of widely varied environ- 
mental oxygen tensions, as measured by se- 
rum iron levels, was rapid, being manifested 
within 2 hours. The mechanism by which 
tow or high oxygen tension modifies iron ab- 
sorption from the gastro-intestinal tract is 
unknown. Changes in liver and spleen iron 
content are known to occur at high altitudes 
(5). Hypoxia has been shown to increase 
succinic dehydrogenase levels(6). These 
phenomena are probably too slow in onset to 
explain the results of our experiments. 
Granick(2) hypothesizes that oxygen tension 
at the intestinal mucosal cell may affect pas- 
sage of iron through the cell by modifying 
the redox potential within the cell. Low oxy- 
gen tension may retard oxidation of ferrous 
iron to ferric iron, and facilitate reduction of 
ferric iron to ferrous iron. Conversely, high 


2 hr after 


varied Oz % inex. over 

tensions own controls C.R. CARs 
454 + 38t +116 5.9 (eh © 
Boyes 2h! + 84.8 3.0 Bey 
225 = 19 + 42.4 5.2 

207 + 30 Slt 
139 + 3 


3 1.28t 


+ Compared to normal controls. 


oxygen tension could increase oxidation of 
ferrous iron to ferric iron. Such changes in 
oxidation-reduction potential within the mu- 
cosal cell, if they do occur, offer a possible 
explanation for increased iron absorption in 
presence of hypoxia, and a relative decrease 
in absorption during hyperoxia. The results 
obtained in these experiments indicate that 
iron absorption from the gastro-intestinal 
tract is a dynamic cellular process, and not 
a matter of simple diffusion. 

Summary. 1. The effects of exposure of 
albino rats to 2 hours of low, high and am- 
bient environmental oxygen tensions upon 
intestinal iron absorption were studied. 2. 
Total serum irons were increased 116%, 
84.8% and 42.4% at environmental oxygen 
tensions of approximately 54, 125, and 1390 
mm Hg respectively. 


and Moriarty, L. B., Blood, 1955, vX, 35. 

2. Granick, S., Bull. N. Y. Acad. Med., 1954, v30, 
81 

3. Barkan, G., and Walker, B. S., J. Biol. Chem., 
1940, v135, 37. 

4. Flexner, L. B., Vosburgh, G. J., and Cowie, 
D. B., Am. J. Physiol., 1948, v153, 503. 

5. Keller, J. G., ibid., 1955, v183, 633. 

6. Criscuolo, D., Clark, R. T., and Mefford, R. B., 
ibid., 1955, v180, 215. 


Received February 11, 1957. P.S.E.B.M., 1957, v94. 


We 


A Hemagglutination Test for Detection of Adenovirus Antibodies. 


(23062) 


Murray FRIEDMAN AND C. R. BENNETT (Introduced by Thomas G. Ward) 
Division of Virology, Naval Medical Research Unit No. 4, U. S. Naval Training Center, 
Great Lakes, Ill. 


Adenoviruses have received considerable 
clinical and laboratory attention since their 
initial isolations by Hilleman(1) and Rowe 
et al.(2). The number of viruses in this 
group has grown to 14 as reported by Hueb- 
ner et al.(3) and certain types have been as- 
sociated with acute respiratory disease 
(ARD) in the civilian(4,5,6) and military 
(1,6,7,8) populations. The importance of 
adenovirus types 3, 4, and 7 in the military 
populations has been emphasized by develop- 
ment of adenovirus vaccines to reduce ARD 
in recruits(9,10). To justify the use of vac- 
cines or to investigate the epidemiology of 
these agents in the military or civilian popu- 
lation the prevalence of adenovirus infection 
must be determined. This may be done by 
isolation of the agent, or by serological evi- 
dence relating to presence of this virus group 
since ARD may be influenced by a variety of 
organisms and conditions. Virus isolation 
and serological methods, employing neutral- 
ization and complement-fixation tests, have 
been used to determine incidence of adeno- 
virus infection in military and civilian popu- 
lations. These methods have been described 
in detail by Hilleman(7) and Rowe ef al. 
(11). Many laboratories that lack isolation 
and tissue culture facilities must rely entirely 
on the complement-fixation test as a means of 
determining presence of adenovirus infection 
in a population. This test is limited because 
it is not type specific and previous infections 
‘with any one type many result in acute anti- 
body titer level which may obscure a more re- 
cent infection with a new type. 

To provide a simple laboratory in vitro 
test for diagnosis of adenovirus infection a 
modified hemagglutination test has been de- 
veloped to detect antibody to adenoviruses. 
Although type specificity is not achieved, this 
test appears to be superior to the CF test as 
the titer rises are extremely high and elevated 
acute antibody levels are not found generally 


to interfere with the diagnostic interpretation. 

Materials and methods. Hemagglutination 
(HA) test. Fresh sheep red blood cells 
(SRBC) suspended in Alsever’s solution were 
washed 3 times with phosphate buffered 
saline at pH 7.2, and resuspended as a 4% 
packed cell concentration. Sensitization of 
the SRBC with dilute tannic acid was similar 
to the method of Boyden(12), as modified by 
Witebsky and Rose(13). An equal volume 
of tannic acid diluted 1:20,000 in buffered 
saline was added to the 4% suspension of 
SRBC. The mixture was held at room tem- 
perature (22-25°C) for 30 minutes. The cells 
were washed 3 times in buffered saline by 
centrifugation at 1500 rpm for 10 to 15 min- 
utes and resuspended as 2% cell concentra- 
tion by volume. Tannic acid sensitized 
SRBC were subject to slight hemolysis upon 
standing and were discarded 2 or 3 days after 
sensitization. An equal volume of adenovirus 
antigen diluted in buffered saline was added 
to the tannic acid sensitized SRBC and kept 
at room temperature for 30 minutes. The an- 
tigen treated cells then were washed in 1:200 
normal rabbit serum by centrifugation at 
1500 rpm for 15 minutes and resuspended in 
1:200 normal rabbit serum at a 1% cell con- 
centration. Acute and convalescent human 
sera were obtained from U.S. Naval recruits 
stationed at Great Lakes Naval Training Cen- 
ter. Acute and 21 day convalescent blood 
specimens were drawn from both afebrile, and 
febrile recruits who were hospitalized with 
upper respiratory illness. Zero and 21 day 
sera were drawn from recruits who had no 
recent history of acute upper respiratory in- 
fection and served as controls. All sera were 
inactivated at 56°C for 30 minutes before use. 
The dilution range was from 1:10 through 
1:81,960. Occasionally, hemolysis of sensi- 
tized cells was observed in the 1:10 and 1:20 
dilutions of sera. All dilutions were made in 
0.2 ml volume of buffered saline with 0.2 ml 
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serological pipettes in 13 x 75 mm Kahn tubes 
rinsed in distilled water. In the final step 0.2 
ml of adenovirus antigen treated SRBC was 
added to the diluted sera giving a final vol- 
ume of 0.4 ml per tube. The tubes were kept 
at room temperature unless otherwise noted 
and read after 2 hours. Antigen. HeLa cells 
were grown in | | bottles containing 35 ml of 
Eagle’s basal medium(14) with 10% human 
serum. After 3 to 5 days growth the cells 
were washed and the nutrient fluid replaced 
with Eagle’s medium containing 3% _ horse 
serum. Each bottle was inoculated with 1 
to 3 ml of stock adenovirus. The virus was 
harvested after all HeLa cells had fallen from 
the surface of the bottle, i.e. in 3 to 4 days 
incubation. The fluid was frozen and thawed 
5 times and centrifuged at 2,000 rpm for 10 
minutes. The supernatant which served as 
antigen was decanted and stored at —70°C. 
Serum titration endpoints were recorded as 
the reciprocal of highest serum dilution which 
produced a sedimentation pattern at 1+ 
hemagglutination according to the method of 
grading described by Stavitsky(15). Con- 
trols were carried out using the lowest serum 
dilution with normal SRBC and tannic acid 
treated SRBC without antigen. In addition, 
tannic acid treated cells with antigen were also 
employed as controls in each test. Unless 
otherwise noted, all hemagglutination tests 
were performed with adenovirus type 4 anti- 
gen. Complement-fixation (CF) test. The CF 
test was performed by making serial 2-fold 
dilutions of 0.2 ml aliquots of acute and con- 
valescent sera. To these dilutions, 0.2 ml 
containing 2 units of adenovirus type 4 an- 
tigen was added followed by 0.2 ml contain- 
ing two 75% hemolytic units of complement. 
The mixture was incubated at 37°C for 1 
hour. Then 0.4 ml of sensitized SRBC was 
added, and the tubes were further incubated 
at 37°C for 30 minutes. The sensitized 
SRBC mixture consisted of equal volumes of 
2% SRBC and 2 full units of amboceptor. 
Following this incubation all tubes were cen- 
trifuged at 1000 rpm for 1 minute and read 
for complement-fixation. Titration endpoints 
were determined as the reciprocal of highest 
serum dilution producing a 3+ fixation. All 


TABLE I. HA Antibody Titers with 2 Lots of 
Type 4 Antigens at Various Dilutions. 


Reference Antigen dilution 


Antigen sera 1/4 1/8 1/16 1/32 
Lot I i Si Ue ieee eG) 

¢ 40860 10280 2560 ” 

rat a 2005 320 160° 

¢ 81920 5120 1280 ” 

I Boe ae = ee weed a 

e 10240 2560 1980 ” 

Ir a “O20 Beato 10 

e 10340 2560 1880 ” 


* a= acute serum; ¢ = convalescent serum, 


dilutions were carried out in physiological 
saline containing 0.01% MgSO, and 0.003% 
CaClys. The neutralization test was carried 
out in accordance with the method described 
by Rowe ef al.(11) using procedure 2. 


Results. To employ the proper dilution 
of antigen for the test, 2 adenovirus type 4 
antigen lots were diluted and incubated with 
tannic acid treated cells for sensitization. 
After sensitization, the cells were incubated 
at room temperature with dilutions of acute 
and convalescent sera from 2 Naval recruits 
who had ARD and from whom type 4 adeno- 
viruses were isolated. Table I shows the re- 
lation between antigen dilution and serum 
titer. The data indicate that higher antigen 
concentrations will result in higher titers in 
both the acute and convalescent sera of Sera 
A. It has also been observed that undiluted 
antigen produces high acute antibody levels 
which obscure convalescent titer rises in per- 
sons having adenovirus infections. By re- 
ducing the antigen concentration, it is pos- 
sible to determine the antigen dilution which 
will detect acute antibodies in a reference 
serum (A in Table I) and which will show at 
least a 4 tube titer rise with the convales- 
cent serum specimen. The antigen was simi- 
larly standardized in another dilution test 
with another reference serum (B, Table I) 
without acute antibodies. Using these 2 refer- 
ence sera it is possible to determine the high- 
est dilution of antigen which will react with 
2 such reference sera in the above manner. 
This dilution is defined as one unit. In Table 
I the 1/16 antigen dilution is by definition 
one unit of antigen. In all subsequent tests 
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TABLE II. HA Antibody Titers to Heterologous 
and Homologous Adenovirus. HA antigens of re- 
cruits infected with adenovirus Type 4. 


Antigen 
Patients 1 2 3 4, 5 7 
INPN ge 80 40 <40 <40 40 80 
e 1280 80 2560 5120 >320 2560 
PPy way <40) 320 40) <40) 4040 
€ 32 640 160 5120 - 80 
GO a ev 80 80 <40 160 <40 
€ e 4 640 1280 320 160 
CCmea: ni 320 <40 <40 <40 <40 
e 5120 2560 ” 2560 x a 
dd) ~ 8 160 <40 80 <40 80 320 
e 1280 640 640 40 1280 
KK a 160 320 80 <40 320 <40 
¢ 320 1280 40 2560 ee 40 
Ibi) eh 80 320 <40 <40 80 <40 
¢ 320 1280 as 160 320 40 
MM a <40'-<40-_ 160 <40) <40) <40 
¢ 40 Zi 320 1280 . 80 
RR an <20 640 80 ae 320 
¢ y ” 1280 2560 S ti 


* 9 — acute serum; ¢ = convalescent serum. 
one unit of antigen was used routinely. Pend- 
ing further investigations on the stability of 
the HA antigen, it may be desirable to use 
2 units of antigen in carrying out the test. 

Specificity of the HA reaction was deter- 
mined by titrating the sera of Naval recruits 
from whom adenovirus type 4 had been iso- 
lated with antigens of the other types. One 
unit of heterologous antigen was determined 
by antigen dilution and sera titration with 
sera A and B as reference standards and using 
this antigen dilution to determine heterolo- 
gous antibody response. The data in Table II 
show homologous (Type 4) and heterologous 
reactions with acute and convalescent sera. 
It demonstrates that the HA test is non-spe- 
cific since titer rises occurred to other anti- 


gens. Most of the cross reactions (4-fold 
rises) occurred with the type 7 antigen 


(67%), while types 1 (56%), 3 (45%) and 
2 (33%) also showed crossing in a decreasing 
order. Type 5 demonstrated the least amount 
of crossing (22%) with sera of recruits who 
had been infected with type 4. These hetero- 
typic crossings are somewhat in variance with 
the information obtained by Grayston e¢ al. 
(16) which showed less crossing in the neu- 
tralization test with types 1, 5, and 7 than 
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with types 2 and 3 in recruits infected with 
type 4 virus. a 

Stability of the antigen was determined by 
heating the type 4 (Lot II) preparation for 
30 minutes at 56°C. The heated and un- 
heated antigen was diluted to one unit, ad- 
sorbed to tannic acid treated cells and incu- 
bated at room temperature with serum dilu- 
tions (acute and convalescent) of recruits. 
Adenovirus type 4 was isolated from some of 
these hospitalized recruits. Heating the anti- 
gen to 56°C for 30 minutes does not appear 
to reduce antigenic activity of the preparation. 
The data in Table III show that heating the 
antigen increases some antibody titer end- 
points, and, in addition, provides a means of 
inactivating live virus in the preparation (11). 

Studies on effect of incubation temperature 
on hemagglutination reaction were carried out 
by incubating the sensitized cells and serum 
dilutions at 8°C, 25°C, and 35°C. The test 
was read after a 2 hour incubation. The re- 
sults presented in Table IV show that the 
higher temperatures increase the serum titers. 
However, titer increases from 25°C to 35°C 
are not significant and 25°C was used rou- 
tinely as a matter of convenience. Readings 


TABLE III. HA Titers with One Unit of Type 4 
Unheated Antigen and Heated Antigen. 


Serum titer 


Pa- Hospi- Virus Unheated Heated 
tient talized isolation antigen antigen 
GC a* Yes None 40 160 
€ 81920 81920 
D \ Type + 20 40 
¢ 5120 5120 
1D) a oe x 80 20 
€ 1280 2560 
i a # ¥ <0 <a) 
¢ 160 1280 
G a : 4 80 40 
ce 2560 5120 
H a Y se 20 <10 
¢ 40960 20480 
I \ Not None 40 80 
€ yi 40 
J a se 3 ” 
e 20 80 
K a MS Pa 40 


Winns. loi aay ; . 
a= acute serum ; © = convalescent serum. 


+ Men symptomatic and not hospitalized. 
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TABLE ITV. HA Antibody Titers at Various In- 
cubation Temperatures with Sera from Recruits 
with and without Adenovirus Isolations, 


Type 4 Incubation temp. 
Patient virus isolate 8°C 25°C 35°C 
IE an Yes 40 40) 40 
@ 640 1280 1280 
2 a f 40 40, 40 
e 320 640 1280 
3 a de 80 80 40 
e 640 5120 10240 
4 2a No 20 40 80 
€ 40, 24 40) 
5 a 32 10 20 ie 


e 20 80 


* a= acute serum; ¢ = convalescent serum. 


were also made at 5 hour and 18 hour inter- 
vals at room temperature and antibody titers 
were not significantly altered from the initial 
2 hour observation. 

Titrations were carried out for neutraliza- 
tion, CF and HA test with 13 pairs of acute 
and convalescent sera to compare titer levels 
and rises in both febrile (ARD) and afebrile 
Naval recruits. Neutralization and CF tests 
were performed with type 4 virus antigens 
since this agent was the only type isolated at 
the time these sera were collected. Results of 
the test comparisons are presented in Table 
V. The data suggest that the HA antibody is 
distinct from the CF or neutralizing antibody. 

In asymptomatic cases (R, S and T) there 
was no CF or neutralizing antibody rise, nor 
was there an HA titer rise. Where a virus has 
been isolated, there was a neutralizing, HA 
and CF antibody rise in every instance. How- 
ever, in cases where there is a neutralizing 
antibody rise without a CF rise, an HA anti- 
body titer rise is demonstrated. This is shown 
with the sera of patients Y and Z. There was 
no corresponding rise in CF antibodies pre- 
sumably due to presence of antibodies in the 
acute sera resulting from previous adenovirus 
infections. The HA test did demonstrate an 
antibody rise thus confirming the neutralizing 
antibody rise. If the CF test had been used, 
exclusively, these men would have been re- 
garded as serologically negative. Conversely, 
patients U, V, W and X who had elevated 
acute CF antibodies showed no change in CF 
titer, and it would not have been possible to 
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determine whether a present adenovirus in- 
fection had occurred. Since the HA test 
showed no titer rise, it may be presumed that 
these patients were not infected. This is con- 
firmed by the neutralization tests. 

It was of interest to compare time of ap- 
pearance of CF antibodies and HA antibodies 
in recruits from whom adenoviruses type 4 
and 7 had been isolated. Ten nasal washing 
specimens were obtained from these individ- 
uals at various times during their recruit 
training period. These samples were taken 
for adenovirus isolation in HeLa cells when 
the men became febrile (100°F or greater). 
The data in Table VI show the relation be- 
tween virus isolation, CF and HA serology. 
There is a similarity in time of appearance of 
CF antibody and HA antibody which indi- 
cates that HA antibody may be produced 
simultaneously with CF antibody although 
the 2 antibodies appear to be quite different. 


TABLE V. Neutralization, CF and HA Antibody 
Titers of Febrile and Afebrile Recruits. 


Virus Neutrali- 
Patient Feyert isolation zation CF HA 
IND 35 Type 4 <4 a4 <10 
@ 64 128 320 
@e Pe <ale ue 4 <4 <10 
64 16 640 
P a F es <4 <4 <a i() 
G 32 64 2560 
Oy By, i <4 16 <10 
¢ 64 256 640, 
i 8 AF Negative 16 <4 2560 
¢ uy es 1280 
See ae ACK ay <4 5 <10 
¢ 2 HY 10 
Tan eALE! e 2 ; <10 
@ 9” ” 
U a AF ’ 8 ” 
@ iH 16 
V a AF ’ ” ” ” 
@ ” 
WwW a AF , ” ” 
¢ 4 : 
XG ce eACn) 4 4 iE 640 
5 4 ” ” 
Ye eras ae CARS ag <4 y as 
ro 8 My 2560 
Ti ae) AF ae 4 64 40 
€ 16 


128 640 


* 4 — acute serum; ¢ = convalescent serum. 
+ F — Temp. 100°F or greater; AF — Temp. less 
than 100°F. 
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TABLE VI. Virus Isolation, CF and HA Anti- 
body Titers by Date in Naval Recruits. 


Date Date virus Titer 
Patient (serum) isolation CF HA 
AA 1- 6 <4 <<a) 
1-17 1-16 negative i ts 
2- 2 1-30 Type 4 32 1280 
2-18 128 5120 
3-10 256 2560 
BB 1- 6 8 10 
1-27 1-18 Type 7 4 5 
3-10 16 80 
CC 1- 6 1- 7 negative <4 ag 
TP ”? ” 
2- 5 2-.7 Type 7 4 160 
2-18 <4 Me 
3-10 128 5120 
DD 1- 6 1-24 Type 7 16 320 
1-27 es 2560 
2-18 64 10240 
3-10 ” ” 
HE 1- 6 Pg 640 
1-27 1-27 Type 4 32 y 
2-18 64 20240 
3-10 128 es 
EP 1- 6 1- 5 negative 8 160 
1-27 1-18 i 4 ( 
2-18 2-3 Type7 256 40960 
3-10 a 20480 


Discussion and summary. The information 
presented shows that the HA test can be util- 
ized for determining adenovirus anti- 
body response. The test may be carried 
out with heated adenovirus antigen and 
yields results which relate to a current 
adenovirus infection. Hemagglutination anti- 
body titrations can be performed at room 
temperature and readings may be made 
up to 18 hours after the initial 2 hour 
incubation without change in titration end- 
points. Although the HA test does not 
achieve type specificity, this test appears to 
be more specific than the CF test. Huebner 
et al.(17) have reported 74%-90% hetero- 
typic crossing in the CF test. The HA test 
reported here deals only with types 4 and 7 
adenovirus infections and by extending these 
studies to include other adenovirus type in- 
fections it may be possible to utilize this test 
more specifically to determine infections to 
other types. 


Based on preliminary data the HA test ap- 
pears to be superior to the CF test in regard 
to determining infections in persons having 
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CF antibodies in their acute serum due to 
previous adenovirus infections. The HA test 
and CF test show close correlation with re- 
spect to antibody titer rises and time of anti- 
body appearance so that the HA test appears 
to be comparable to the CF test in its diag- 
nostic value. Studies are in progress com- 
paring HA, neutralization, and CF antibody 
titer responses in Naval recruits who have 
received the adenovirus vaccine. 


Application of this HA technic to the im- 
munology of other viruses should be consid- 
ered. The ease of performing this test may 
provide a simple laboratory tool for deter- 
mining serological responses to virus infec- 
tions. 


The technical assistance of R. C. Reum, HM3, 
USN, in the details of this test is gratefully acknowl- 
edged. 
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Hertz et al.(1) reported that 17a-ethynyl- 
19-nortestosterone is an orally effective pro- 
gestational agent in rabbits, having an 
activity about 5 times that of 17a-ethynyl- 
testosterone. Greenblatt(2) found the nor- 
compound was also effective in women, when 
administrated orally. Ferin(3) has recently 
reported that 17-methyl-19-nortestosterone 
has progestational properties in women, and 
Overbeek(4) found this compound to be ac- 
tive in rabbits. Pincus et al.(5) extended the 
series, observing that 17-ethyl-19-nortesto- 
sterone also has progestational effects in 
rabbits. 

In this laboratory, extensive studies on the 
biological properties of 19-nortestosterones 
carried out over the past several years, indi- 
cated a marked progestational activity of 
these compounds (Drill and Saunders).t The 
present paper deals with the progestational 
effects of a series of 19-nortestosterones in 
which the 17a side chain ranges from H to 
CsgH7, with both saturated and unsaturated 
linkages. 

Methods. White rabbits weighing about 
2 kg were ovariectomized. After a 2 week 
recovery period, they were injected subcu- 
taneously, daily for 6 days, with 5 yg estrone. 
On the day following the last injection the 
abdomen was opened and a 1-inch segment 
of each uterine horn was isolated after the 
method of McGinty e¢ al.(6). The test sub- 
stance, in 0.1 ml corn oil, was injected into 
one uterine horn while a like amount of corn 
oil was injected into the opposite horn as a 


t Drill, V. A., and Saunders, F. J., Proc. of a Con- 
ference on Anabolic Agents. G. D. Searle & Co, 
Chicago, Apr. 9, 1956. 


control. Three days later, the animals were 
sacrificed, cross-sections of the uteri were 
fixed in Zenker’s and prepared for histology. 
The degree of glandular proliferation was 
graded from +1 to +4. Additional studies 
were made, using intact, immature rabbits 
which had been primed with 6 daily injec- 
tions of 5 wg estradiol each. They were then 
treated orally or subcutaneously with the 
test compound in oil, daily for 5 days. On 
the day after the last injection the animals 
were sacrificed and the uteri were studied 
histologically. 

Results. Intrauterine assay. The average 
responses to the various doses are shown in 
Figs. 1-3. The ordinates are arbitrary scales 
on which 1 denotes that the endometrial 
glands are only small straight indentations, 
similar to those usually found in the estrogen- 
primed controls. Further development with 
slight branching of a few glands is designated 
2, while 3 indicates that there are many 
branched glands. Grade 4 is reserved for 
those uteri which show so much branching 
that, in cross-section, many portions appear 
detached. The number of animals at each 
dose is also indicated. The average rating 
for 545 control, estrogen-primed uteri was 
1.04. Only 2 of these control uteri had rat- 
ings of 3 and 4 respectively. In both of 
these cases the contralateral horn had been 
injected with a high dose of an active com- 
pound. A systemic effect, or leakage, may 
account for these false positives. 

The activity of progesterone is shown in 
Fig. 1. It will be seen that a dose of 0.5 ug 
is adequate to produce a definite response, 
with an average value of 2.3. The data for 
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FIG. 1 (top). Responses of endometrial glands 
to local applications of progesterone (@) and 17- 
ethyl-19-nortestosterone (©). No. above points 
indicate No. of rabbits used. 

FIG. 2 (middle). Responses of endometrial 
glands to local applications of 17-propyl-19-nor- 
testosterone (@) and 17-octyl-19-nortestosterone 


(©). No. above points indicate No. of rabbits 
used. 
FIG. 3 (bottom). Responses of endometrial 


glands to local applications of 17-butenyl-19-nor- 
testosterone (@) and _ 17-allyl-19-nortestosterone 
(©). No. above points indicate No. of rabbits 
used. 


19-nortestosterone and _ 17-methyl-19-nortes- 
tosterone are not presented, but in both cases, 
doses up to 100 wg were inactive, with aver- 
age responses less than 1.5. On the other 
hand, 17-ethyl-19-nortestosterone gave re- 
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sponses indicating that this compound is 


about 14 as active as progesterone in this 


assay. As the side-chain was lengthened, the 
activity was increased further, the propyl 
compound being about 5 times as active as 
progesterone (Fig. 2). However the octyl 
compound appeared to be somewhat less ac- 
tive than the propyl. 


At least with the lower members of the 
series, unsaturated linkages in the side-chain 
appeared to decrease activity. The 17-vinyl 
and 17-ethynyl compounds were both inactive 
in this assay at doses up to 100 wg. The 
allyl compound was about 1% as active as the 
propyl (Fig. 3). The 17-butenyl compound 
is the most active tested to date (Fig. 3) but 
in preliminary tests the butyl compound ap- 
pears to be nearly as potent. In the case of 
the butyl compound, the side-chain is 
straight; in the butenyl it appears to be 
branched. 


17-Propyl-4, 5-dihydro-19-nortestosterone 
and 11-hydroxy-17-ethyl-19-nortestosterone 
were also found to be inactive at doses of 
100 ps. 

Systemic assay. Administered subcutane- 
ously in the estrogen-primed immature rabbit 
(Clauberg Assay) a different order of activity 
was found. The minimal effective daily dose 
of progesterone was found to be 0.05 mg. 
19-Nortestosterone was ineffective at 10 
this does but 17-methyl-19-nortestosterone 
was more active than progesterone. The 17- 
ethyl compound appeared to be 5 X as po- 
tent as progesterone. This value agrees with 
findings of Pincus et al.(5). However the 
butenyl compound, though more active than 
progesterone itself, was less active than 17- 
ethyl-19-nortestosterone. Table I shows the 
average ratings obtained with these com- 
pounds at the several doses, as well as the 
number of animals used. 

Discussion. The group of nortestosterones 
studied here represents a wide range of bio- 
logical activity. The androgenic and anabolic 
activities of some of this series have been re- 
ported(7). These data have been included 
in Table II to show the lack of correlation 
between the progestational response and an- 
drogenic or anabolic activity. While ana- 
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TABLHE I. 
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Endometrial Response in Estrogen-Primed Immature Rabbit after Subeutaneous 


Administration of Various Doses of Several Steroids (Clauberg Assay). 


a es 
$$ ———— eee 


C ompound Ib 5 
Progesterone 3.9 (4) 3.8 (2) 
19-nortestosterone 1.5 (4) 1.0 (1) 
17-methyl-19- nortestosterone 3.5 (2) 3.3 (4) 
17-ethyl-19- 4.0 (1) 3.5 (2) 
17- -vinyl-19- = 3.5 (2) 
17-ally1-19- 4 
17-butenyl-19- a 3.3 (3) 


17-oetyl-19- a 


3.9 (4) 
1.0 (4) 


Daily dose, mg, subeut. 
2 ell 05 .02 01 
3.1 (7) _ 


2.9 (8) 1.1 (8) 


8 2.7 (6) 2.4 (6) 
5 


(6) 
(4) 3.0 (6) 3.4.(5) 
(2) 
(4 


Ww wr 


( 
D ( 
9) 
3.3 3.0 (3) 
3.7 (4) 3.3 (6) 2.2 ( 
1.0 (4) 1.0 


Endometrial responses were graded from sri to =-4 (see text). When the avg response for 


4 or more rabbits is above 2, the compound is considered active. 


No. of rabbits at that dose. 


bolic and androgenic potencies were greatest 
among the lower members of the series, pro- 
gestational effects were most marked in the 
higher members. In the saturated series, the 
methyl and ethyl derivatives as well as nor- 
testosterone itself all have equivalent andro- 
genic and anabolic potencies. However pro- 
gestational effects increased markedly as the 
17-side-chain was lengthened. This was es- 
pecially noticeable in the intrauterine assay, 
where propyl and butyl compounds were 
found to be 5 times as active as progesterone 
and even the octyl compound showed marked 
activity. 

TABLE II. Relative Activities of a Series of 19- 
Nortestosterones Compared to Several Standards. 


Progestational 
potency Andro- —Ana- 
Intra- genic bolic 
Compound Systemic uterine potency potency 
Progesterone : 100% 100% <2 Za 
Testosterone Al 100% 100% 
propionate 
19-nortestoste- <10 % 6 100 
rone 
19-nortest’ter’ne 
derivatives 
17-methyl- 250 ail 6 100 
17-ethyl- 500 25 6 % 
11g-hydroxy- all <2, <10 
17-ethyl- 
17-vinyl- >50* oy 2 20 
17-ethynyl- estrogeni¢ 1 
17-propyl- 200* 500 <5 10 
17-propyl-4,5- <5 <i 2 <5 
dihydro- 
17-allyl- 500* 100 2 10 
17-butyl- 500* <2 <5 
17-butenyl- 250 1000 2 5) 
17-octyl- <25 100 


* Preliminary data. 


No. in parentheses indicates 


The introduction of a double bond in the 
2 carbon side-chain markedly reduced ana- 
bolic and androgenic activity. With a triple 
bond, these activities were further reduced 
and in fact the ethynyl compound shows 
some estrogenic effects. In both cases, pro- 
gestational effects, as determined by intra- 
uterine assay, were abolished although both 
compounds show endometrial gland prolifera- 
tion when administered systemically. In the 
propyl series, introduction of a double bond 
in the side-chain (allyl) had little effect on 
androgenic or anabolic properties. As was 
the case with the 2 carbon side-chain, how- 
ever, intrauterine assay showed a marked re- 
duction in progestational activity. Adminis- 
tered systemically, both propyl and allyl com- 
pounds were significantly more potent than 
progesterone. Saturation of the 4-5 double 
bond of the propyl compound not only abol- 
ished its androgenic, anabolic and progesta- 
tional effects but imparted to this compound 
anti-hypertensive properties.* 


Several of the compounds were further 
tested for their ability to maintain pregnancy 
in ovariectomized rabbits. Does were bred 
and 10 to 14 days later they were ovariecto- 
mized. On the day of operation and continu- 
ing for 6 or 7 days they received 1 mg per kg 
of the various compounds daily, subcutane- 
ously. They were sacrificed on the day after 
the last injection. All 9 control rabbits 
showed complete resorption of the fetuses 
with no apparent development of the fetus 


* Data to be published by F. M. Sturtevant of 
this Division, 1957. 
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after spaying. On the other hand 14 of 15 
rabbits treated with progesterone had 1 or 
more normal living fetuses at time of sacri- 
fice. None of 5 rabbits treated with 19-nor- 
testosterone showed any protection. With 17- 
methy]-19-nortestosterone 1 rabbit had living 
fetuses and the other 4 had some further 
placental development although no fetuses 
remained. With 17-ethyl-19-nortestosterone, 
9 had one or more apparently normal fetuses. 
Two more showed some further development 
after spaying but the young were resorbing 
at the time of sacrifice. Three additional 
rabbits showed no protection. With 17- 
propyl-19-nortestosterone, 4 of the 5 rabbits 
showed normal development while the fifth 
showed decided fetal growth, although the 
young died before autopsy. The higher ana- 
logs have not yet been tested. 

It has been pointed out that, compared to 
progesterone, some of these compounds are 
much more effective when administered sys- 
temically rather than directly into the uterus. 
Preliminary data indicate that the oral activ- 
ity of this series, in general, is very marked 
with a high oral/parenteral ratio. These 
findings suggest that these norsteroids may 
be metabolized into more active compounds. 
Further studies on this series are in progress. 

Summary. 1. Progestational activity of a 


series of 17-substituted 19-nortestosterone 
derivatives was investigated using both intra- 
uterine and systemic assays in rabbits. Sev- 
eral of the substances studied possessed a 
high order of progestational activity. This 
activity was not related to either androgenic 
or anabolic potency of these compounds. Of 
the compounds studied 17-butenyl appeared 
to be the most potent, possessing about 10 
times and 2% times the activity of proges- 
terone in intrauterine and systemic assays, 
respectively. 2. Progesterone-like activity of 
these 19-nortestosterones was further demon- 
strated by the ability of some members of the 
series to maintain pregnancy in ovariectom- 
ized rabbits. 
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Desoxycorticosterone (DOC) has been 
used in replacement therapy for adrenal in- 
sufficiency for more than 20 years. A major 
portion of research on the salt-retaining func- 
tion of the adrenal cortex has consisted in a 
comparison of the effects of adrenalectomy 


* This study was supported by a grant from Natl. 
Inst. of Neurological Diseases and Blindness and by 
funds provided under contract with the USAF School 
of Aviation Medicine, Randolph Field, Texas. 

t Public Health Research Fellow of N. Heart Inst. 


and administration of desoxycorticosterone 
acetate (DCA). The recent research on al- 
dosterone, the natural hormone whose actions 
DOC mimics, has revealed not only quanti- 
tative but also qualitative differences between 
the 2 steroids(1). Inasmuch as the major 
biological role of these compounds probably 
is to modify electrolyte transport, it seemed 
of interest to compare the effects of the 2 
steroids on cellular ion transport systems. 
For this purpose, the effects of administra- 
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TABLE I. Effect of DCA and Aldosterone on Total Electrolytes and Water in Plasma, Brain, and 

Muscle of Mice.* 
eee 
Plasma 


Brain Muscle 
Na K Cl Na K (OH Na K Cl 
os EEO; Jo | mEq/I——_,_ H.0,% mEq/kg wet tissue H.0,% mEq/kg wet tissue 
Controls 93a13/ 15910) 3.885 31234 W976 42:43 “105i 28,69 76.44 23.88 108.7 15.84 
+.25 +3.8 +.2 sy) +,.55 +.25 +.8 +1.40 +11 -+.04 asroy fein 
DCA 9S 16s2 astan 122.5 80.384 44.65 109.2 29.40 76.61 27.46 109.6 14.93 
atu westaleo) =t=-07" +.2 +.03 2.14 +.1 +.12 SSS St h28) E33 eae 
Aldoste- 92.7 LOST ate. eds 79.88 4417 107.3 30.00 76.74 26.07 113.8 18.39 
rone +.34 %5.2 +.25 +1.3 +.59 +.90 +.8 2.7 


+.16 st. 03: 


sree eS aera were Lh) 


* Values given are mean + stand. error. 


TABLE II. Effeet of DCA and Aldosterone on Extracellular and Intracellular Distribution of Electro- 
lytes and Water in Brain and Muscle of Mice.* 


Intracellular concentration ————, 
Nay K Extracell. x Intracell. 
Cl space, % H.O, % -—— mEq/kg cell water ——, __ Intracell. Extracell. 
Brain Muscle Brain Musele Brain Muse. Brain Muscle Brain Muscle Brain Muscle 
Controls 20.59 1140 59.17 65.04 15.0 82 177.0 1665 12.0 204 45.6 42.8 
+1.22 +.30 SEO. Sel.96" . e456 =E 1:4 +3.9 +.3 +3.9 +3.8 Seu) aes 
DCA 222) 10580 59.12 65.81 Ty AES 183.4 166.1 LOST 2.0) Sia) © ZS) 
+.08 +.09 +.05 +.04 Sten ecta ee +.1 +5.1 +.6 42.1 st 10 SES 
Aldoste- 21.09 12.92 58.79 63.82 eee 4 eee Shoe legiree) SRO ONC) 47.9 46.8 
rone +.24 +.84 2=E3.6 +1.3 +7.0 +.7 +37.4 epi | ail! 


+1.16 +1.13 ane 


* Values given are mean + stand. error. 


tion of aldosterone and DCA on electrolyte 
composition of plasma, brain, and muscle 
were determined. 


Methods. Thirty-six mice (Carworth 
Farm, CF #1 strain) weighing between 35 
and 45 g were divided into 3 approximately 
equal groups. The groups consisted of (1) 
controls, (2) animals given DCA, and (3) 
animals given aldosterone. All groups were 
injected by the subcutaneous route once daily 
for a period of 4 days; the control group re- 
ceived 0.1 ml of isotonic sodium chloride solu- 
tion containing ““Tween 80,” the DCA group 
received 0.5 mg of DCA suspended in the 
same vehicle, and the aldosterone group re- 
ceived 20 wg of aldosterone dissolved in 0.1 
ml of isotonic sodium chloride solution for 3 
days and 8 yg of aldosterone on the last day. 
Sixteen hours after their terminal injection, 
the mice were anesthetized with 2.4 mg pento- 


+t The authors wish to express their appreciation to 
Dr. R. E. Knauff, Upjohn Co. for the gift of aldo- 
sterone. 


barbital sodium (about 60 mg/kg), blood was 
drawn from the inferior vena cava into hepar- 
inized syringes and immediately centrifuged, 
and cerebral cortex and hind leg muscle were 
collected in tared bottles after blotting to re- 
move superficial blood. Electrolyte deter- 
minations were performed on pooled samples 
comprising the plasma or tissue from 4 mice. 
The content of water, sodium, potassium, and 
chloride was determined in plasma, brain, and 
muscle samples according to methods previ- 
ously described(2). Intracellular water and 
electrolyte concentrations were calculated by 
the method of Hastings and Eichelberger(3). 

Results. The data obtained are summar- 
ized in Table I, which presents the analytical 
results for total plasma and tissue electro- 
lytes, and Table II, which presents the cal- 
culated intracellular values. The adminis- 
tration of DCA resulted in an elevation of 
Na concentration and a lowering of K con- 
centration in plasma, chloride concentration 
was unchanged. In brain, chloride space, 
which is assumed to measure extracellular 
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volume, was unchanged. The concentration 


Na, ; 
ratio of brain Na | —— } did not change sig- 
Nav 
nificantly, whereas the concentration ratio of 


Ke 
brain K ie) was markedly elevated. In 
1K 


e 


muscle, —— was elevated, despite a reduction 


e 


of ae The reduction in the concentration 
Na. 

ratio of muscle Na was related to a significant 

elevation of intracellular Na concentration. 
Aldosterone elevated the plasma Na con- 

centration markedly and lowered the plasma 

K concentration slightly. In brain, aldoster- 

one did not affect the chloride space; it low- 


ered intracellular Na concentration and 


: ; Na. K. 
slightly raised and —. 
Nae Kee 

dosterone definitely lowered intracellular Na 


In muscle, al- 


de 


and markedly increased ratio, and K ac- 


Na. 
cumulation occurred, although only to a mod- 
erate degree. 
Discussion. The important effects of the 
2 steroids on cellular electrolytes may be 
stated briefly. DCA elevated the K ratio 
without changing the Na ratio significantly in 
brain, whereas in muscle, the K ratio was ele- 
vated only slightly and the Na ratio was re- 
duced. In contrast, aldosterone elevated K 
and. Na ratios in both brain and muscle. The 
absence of an effect of DCA on brain Na dif- 
fers from previously reported findings and 
may be presumed to be related to the short 
period of treatment and the low dose used. 
In sufficient dosage, DCA produces a definite 
decrease in intracellular Na and an increase 
in the Na ratio in brain(4,5). 


The unequal partition of electrolytes across 
nerve and muscle membranes is consequent 
to active extrusion of Na from cellular fluid 
(6,7). Further, evidence is accumulating 
which indicates that this extrusion is not a 
simple ion pump, but that it is linked in some 
way to K influx. Thus, both in frog muscle 
and invertebrate nerve, it has been shown 
that Na efflux is reduced in the absence of ex- 


ternal K(8,9). More indirect evidence for 
such a coupled system has been obtained in 
mammalian spinal motoneurons(10) and in 
cerebral cortex.) Accordingly, it would be 
predicted that the administration of an agent 
that enhances ion transport would cause in- 


Na. IK 
and 
Na, Ke 


in both brain and 


creases in 


muscle. 


It is evident that aldosterone fulfills these 
predictions and there seems to be no difficulty 
in accepting the role of this hormone as a 
substance that promotes ion transport. In 
the case of DOC, although the effects on brain 
fit into the general hypothesis, those on mus- 
cle do not. The paradoxical finding that the 
administration of DCA causes a decrease in 


Nae ; ; - cus 

and a relatively minor effect on —— in 
INE Ke 
muscle has been noted by previous authors 
(11,12) and is corroborated by the results 
presented here. 


Either of 2 proposed mechanisms could be 
advanced to explain the effect of DOC on 
muscle electrolytes. It is possible that DOC 
simply acts differently on muscle than on 
brain and that its actions on muscle cause a 
reduction of electrolyte transport. It is also 
possible that the synthetic steroid is suf- 
ficiently different chemically from aldosterone 
that, although it mimics the hormone at some 
sites, it has no direct action on muscle. If 
this is the case, the variations in electrolyte 
composition which are observed after DCA 
administration must be secondary to its ef- 
fects at other sites. Thus, the administration 
of DCA causes a loss of K from the body 
through both the kidney and the gut(12-14) 
and, as a result, plasma K concentration falls. 
Inasmuch as the membrane potential deter- 


mines — rather than the cellular K concen- 
tration and inasmuch as Plasma K concentra- 
tion falls, K would be expected to shift from 
muscle cells into the extracellular fluid. The 
K ratio would either remain constant or be 
elevated slightly even though K has been lost 


§ Unpublished observations. 
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from muscle. In association with this loss of 
K, muscle cells would gain Na, as demon- 
strated by the work of Heppel(15,16). This 
hypothesis, that the changes in muscle elec- 
trolytes observed after the administration of 
DCA result from an indirectly induced K 
loss and not from a direct effect of the steroid 
on the muscle membrane, could be tested in 
several ways. An indirect method would be 
the examination of the changes in muscle 
electrolytes induced by aldosterone and DCA 
in animals in which plasma K concentration 
is not allowed to fall. The observations of 
Ferrebee ef a/.(11) indicate that the adminis- 
tration of K salts prevents DCA-induced Na 
accumulation in muscle and may be taken as 
supportive evidence for the second hypothesis. 
A more direct test would be the measurement 
of muscle membrane potentials after treat- 
ment with each of the two steroids. In this 
connection, preliminary findings of J. W. 
Woodbury and Koch’ show that the resting 
potential of isolated frog sartorius muscle is 
unchanged by immersion in Ringer’s solution 
saturated with DCA. 


Thus, several independent lines of evidence 
suggest that DOC is devoid of direct effect 
on muscle and that the changes in muscle 
electrolyte composition which are observed 
are the passive result of actions of the steroid 
at other sites. In contrast to this, aldosterone 
appears to be capable of enhancing electro- 
lyte transport at all sites which have been 
studied. 


Summary. Plasma, brain, and muscle 
electrolytes were determined in mice given 
DCA and aldosterone. DCA increased the 


- 


¢c ' . 
concentration ratio of K _ without af- 


723 


Nae 


Na, 
increased the concentration ratio of K moder- 
ately in muscle and decreased the concentra- 
tion ratio of Na. Aldosterone increased con- 
centration ratios of Na and K in both brain 
and muscle. An explanation of this difference 
in the effect of the two steroids on skeletal 
muscle electrolyte is proposed. 


fecting the ratio of Na ( ) in brain; it 
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Enhancement of Pathogenicity of Enterobacteriaceae for Mice by 


Wetting Agents. 


(23065) 


Dacio pE ALMEIDA Curistovao (Introduced by G. W. Rake) 
Department of Microbiology and Immunology, School of Hygiene and Public Health, 
University of Sado Paulo. 


The enhancement of pathogenicity of many 
bacteria under circumstances which have sug- 
gested an increase of invasiveness is well 
known. Typical instances are those of spread- 
ing factors discovered by Duran-Reynals(1) 
and of mucin, as demonstrated by Nungester 
et al.(2), Miller(3,4), and Rake(5,6). While 
the mode of action of the latter remains con- 
troversial(7-11), spreading factors have been 
identified with hyaluronidase(12,13) and 
their effect is ascribed to an increase in tissue 
permeability which results from enzymatic 
hydrolysis of hyaluronic acid and facilitates 
penetration and scattering of infectious or- 
ganisms. 

The assumption that wetting agents, which 
promote closer interfacial contacts, might 
facilitate access of microorganisms to the in- 
timacy of the host’s tissues through liquid or 
semiliquid media led the author to investigate 
the effect of surface tension depressants on 
bacterial infection. In a preliminary investi- 
gation(14) the effect of dioctyl sodium sulfo- 
succinate (Deceresol-OT*) on pathogenicity 
of Salmonella typhosa was determined for 
mice inoculated intraperitoneally. The in- 
nocuousness of this wetting agent having been 
established for the bacteria and inoculated 
animals, it was found that Deceresol-OT in 
5 tests consistently increased pathogenicity 
of the organism, as shown by LD; ’s 100 to 
2,000 times smaller than in the controls. On 
the basis of this finding, the investigation was 
extended to include other bacterial species 
and another wetting agent. The results re- 
ported here suggest a possible association be- 
tween the property of decreasing surface 
tension and the power to enhance bacterial 
pathogenicity. 

Method. Wetting agents employed were 
Deceresol-OT and sodium lauryl sulfate 
(Duponol W.A.). The former is soluble in 


* Trademark, Amer. Cyanamid Co. 


water at the rate of 1.5 g/l at 20°C and 2.3 
g/l at 40°C, soaking of several hours being 
necessary to dissolve it; the pH of the solu- 
tion varies from 6.5 to 7.0, and at concentra- 
tion of 1:1,000 surface tension of water is 
reduced to 26.8/cm. The latter is a well 
known and readily soluble wetting agent, 
used in one of the standard culture media 
for coliform detection in water. 

The effect of Deceresol-OT on pathogenic- 
ity of bacteria for mice was tested with 
Shigella dysenteriae and Shigella paradysen- 
teriae; that of Duponol W.A. with Salmon- 
ella typhosa (strain “Panama 58”) and Shig- 
ella ambigua. Suspensions of the organisms 
in saline were adjusted to known concentra- 
tions according to turbidity standards. Start- 
ing from one suspension of each organism, 
further dilutions were prepared with the 
Same ratio, 2, 4 or 5. In any test, 4 to 9 
of these dilutions were used in each of 2 
series: the controls, containing the organism 
in saline and the experimental series, to which 
a solution of wetting agent was added. 

Results. Table I gives the final concentra- 
tions of wetting agents used for different or- 
ganisms and the volumes inoculated intra- 
peritoneally into each animal. Five Swiss 
albino mice weighing 15 to 18 g were inocu- 
lated with each dilution of the control or 
experimental series. In the latter the mice 
received 1 mg of wetting agent, except those 
inoculated with Shigella ambigua, which re- 
ceived 1.66 mg of Duponol W.A. Preliminary 
experiments in which 0.5 ml volumes were 
inoculated intraperitoneally, showed that 
mice receiving up to 1 mg of Deceresol-OT 
only occasionally showed some fur ruffling, 
whereas amounts up to 2.5 mg of Duponol 
W.A. were well tolerated. As an additional 
control of the innocuousness of the wetting 
agents to the experimental animals, in each 
test an equal amount of the chemical alone 
in the same total volume of saline was inocu- 
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TABLE I. Effect of Wetting Agents on Pathogenicity of Enterobacteriaceae Inoculated 
Intraperitoneally into Mice. 


Vol inoe- 


Organism Chemical and cone. ulated, ml Exp Control 
Sh. dysenteriae Deceresol-OT 1:500 3) 6.72 8.73 . 
Sh. paradysenteriae y v - 6.30 8.63 
Salm. typhosa Duponol W.A. ” uy 7.52 8.34 
Sh. ambigua si 1:600 1.0 6.81 8.55 


as Logarithms to base 10 of No. of organisms killing 50% of inoculated mice in 72 hr, as 
estimated by the Reed-Muench method from 4 to 9 groups of 5 mice, 


lated intraperitoneally into 5 mice: in no case 
did these mice show any sign of illness. 


The median lethal doses were estimated by 
the Reed-Muench method, and the results, 
expressed as logarithms to base 10, are pre- 
sented in Table I. It is clear that there was 
considerable reduction in the LD; 9 values 
for the experimental series of each test as 
compared with the corresponding control, 
indicating increases of approximately 100, 
200, 7 and 60 times in pathogenicity of, re- 
spectively, Sh. dysenteriae, Sh. paradysen- 
teriae, Salm. typhosa, and Sh. ambigua. The 
effect of Duponol W.A., though quite definite, 
seems to be less intense than that of Decere- 
sol-OT. Further experiments are necessary 
to establish whether the enhancement of 
pathogenicity by wetting agents is peculiar 
to enteric bacilli inoculated intraperitoneally 
into mice as well as to elucidate the mechan- 
ism of the observed effect. 


Summary. Two wetting agents, Deceresol- 
OT and Duponol W.A., when added to sus- 
pensions of Sh. dysenteriae, Sh. paradysen- 
teriae, Salm. typhosa, or Sh. ambigua, con- 


sistently enhanced pathogenicity of the or- 
ganisms for mice inoculated intraperitoneally. 
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Biochemical and Pharmacological Studies with p- and 


L-5-Hydroxytryptophan. 


(23066) 


Kurt FRETER, HERBERT WEISSBACH, SIDNEY UDENFRIEND AND BERNHARD WITKOP 
(Introduced by R. W. Berliner) 
Nat. Inst. of Arthritis and Metabolic Diseases, and Nat. Heart Inst., N.1H., Bethesda, Md. 


Following synthesis of 5-hydroxy-D,L-tryp- 
tophan (SHTP)(1) it was shown that this 
amino acid is the precursor of 5-hydroxytryp- 
tamine (serotonin) (2) and that this conver- 
sion is catalyzed in animal tissues by a spe- 


cific decarboxylase(3). ‘The amino acid itself 
has now been found in toad venom(4) in 
Chromobacterium violaceum(5) and in urine 
of a patient with malignant carcinoid.* It 


*C. E. Dalgliesh, personal communication. 
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has also been reported that p,t-SHTP, when 
administered to animals, is taken up by tis- 
sues, including brain, and there decarboxy- 
lated to serotonin(6). Upon its administra- 
tion SHTP causes somatic, autonomic and be- 
havioral changes which bear a striking re- 
semblance to those produced by the hallucino- 
genic agent, lysergic acid diethylamide 
(LSD). It has been inferred that the phar- 
macological effects produced by SHTP result 
from its conversion to serotonin. From pre- 
vious studies on conversion of D,L-SHTP to 
serotonin it was apparent that only one of the 
isomers was decarboxylated to serotonin(3). 
It was therefore concluded that the observed 
pharmacologic effects following administra- 
tion of p,L-SHTP were due to that antipode 
which could be decarboxylated to serotonin, 
presumably the t form. It has now been pos- 
sible to obtain evidence that only the 1 form 
is converted to serotonin and that this con- 
version accounts for previously reported phar- 
macologic effects of p,L-SHTP(6). 


Methods and materials. 5-Hydroxy-p,L- 
tryptophan and 5-benzyloxy-p,L-tryptophan 
were kindly supplied by Dr. Kenneth E. 
Hamlin of Abbott Laboratories and Dr. Gus- 
tav J. Martin of National Drug Co. The 1- 
amino acid oxidase used was a crude dried 
rattlesnake venom extract obtained from Ross 
Allen Farms (Crotalus adamantus). The car- 
boxypeptidase used was a purified prepara- 
tion kindly supplied by Dr. John E. Folk. 
The hog kidney acylase was a commercial 
preparation kindly supplied by Dr. Leon Le- 
vintow. Both preparations were shown to be 
active when tested on carbobenzyloxyglycyl- 
phenylalanine. Serotonin in tissues was as- 
sayed by a method previously described(7). 
SHTP decarboxylase activity was determined 
by the method of Clark et al.(3).  L-amino 
acid oxidase activity was determined by mea- 
suring the generated 5-hydroxyindoleacetic 
acidt (SHIAA) as previously described(8). 


Results. Enzymatic resolution of p,L- 


+ Since these preparations are devoid of catalase 
the keto acid is nonenzymatically decarboxylated by 
the peroxide. 5-Hydroxyindole-pyruvic acid does 
not differ from 5-HIAA with regard to color reac- 
tions and extraction pattern. 
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SHTP was attempted. However, solutions of 
N-acetyl-5-benzyloxy-p,L-tryptophan and of 
N - chloroacetyl-5-benzyloxy-p,L-tryptophan, 
when incubated with carboxypeptidase at 37° 
for 16 hours did not lead to ninhydrin positive 
material(9). The same negative result was ob- 
served when hog kidney acylase was employed 
(10). Attempts to prepare salts of optically 
active acids with esters of 5-benzyloxy-pD,I- 
tryptophan were discontinued when it was 
found that debenzylation occurred during Fis- 
cher esterification. Resolution of N-acetyl-5- 
benzyloxy-p,L-tryptophan was successfully 
accomplished by recrystallization of the bru- 
cine salt from 95% ethanol, as indicated by 
attainment of constant optical rotation 
((a)Po9-6.1, c, 1.0 ethanol). However, deace- 
tylation without racemization or destruction 
was impossible. 

It was found possible to demonstrate reso- 
lution of the quinine salt of N-carbobenzyl- 
oxy-5-benzyloxy-p,L-tryptophan (m.p.-132°).# 
A solution of this salt was prepared by dissolv- 
ing 4.4 g of N-carbobenzyloxy-5-benzyloxy-p, 
L-tryptophan and 3.2 g of quinine in 100 ml of 
95% ethanol. On cooling there was deposited 
2.1 g of crystals which were recrystallized 
twice from the same solvent to yield 0.8 g of 
crystalline salt. The salt was decomposed by 
the addition of excess 2 N HCl and extrac- 
tion of the indole component with 100 ml of 
ethyl acetate. The organic solvent when 
evaporated left 0.42 g of one antipode of N- 
carbobenzyloxy-5-benzyloxytryptophan, yield- 
ing after hydrogenolysis 120 mg of the crys- 
talline amino acid (Fraction A containing 
antipode D). In order to obtain the other 
antipode the mother liquor (100 ml of 95% 
ethanol) from the first crystallization of the 
quinine salt, was concentrated to 70 ml, left 
standing overnight at 5°C and filtered from 
additional p-salt. The filtrate, after removal 
of the quinine and hydrogenolysis of the 


+ While this investigation was in progress Dr. 
Marvin Armstrong kindly sent us a manuscript (J. 
Org. Chem. in press) in which he described the suc- 
cessful resolution and the isolation of the two anti- 
podes of S5HTP in chemically and optically pure 
form, using the quinine salt of N-carbobenzyloxy-5-. 
benzyloxy-p,L-tryptophan. 
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TABLE I. Enzymatic Reactivity of p,L and p and 
L-5-Hydroxytryptophans. 
——<—_—_ ~>SS>SSE~————=E 

% 


Enzyme Sample conversion 


L-anuno acid oxidase* pi-5HTP 49 | 
FractionB(t) 80 | 5HIAA 
: A(D) 0 | 
5HTP decarboxylaset pi-5HTP 50 | 
Fraction B(u) 82 $ Sero- 
A@) 3 | tonin 


*4 mg of snake venom were incubated with 100 
ug of either D or L SHTP or with 200 yg of D,L- 
SHTP, in 3 ml at pH 7.4 and 37°C for 1 hr. De- 
amination was complete within this period. 

+2 ml of a 100,000 X g guinea pig supernate 
Were incubated with 300 ug of each antipode in 3 
ml at pH 8.1 and 37°C for 1 hr. Deearboxylation 
was complete within this period. 


benzyl groups, yielded 100 mg of crystalline 
amino acid (Fraction B containing mainly 
antipode L). Due to the paucity of the iso- 
lated material further purification by recrys- 
tallization was not attempted. By comparing 
molecular extinctions of the a-nitroso-6- 
naphthol chromophores(11) with that of a 
standard preparation of 5-hydroxy-p,1-tryp- 
tophan, Fractions A and B indicated a purity 
of 80-85% with regard to 5HTP; this was 
taken into account in the following experi- 
ments. 

Fractions A and B when subjected to 
analysis by paper chromatography indicated 
only one indole component identical with au- 
thentic p,t-SHTP. Evidence concerning the 
optical identity of the two resolved antipodes 
and of the optical purity of each is presented 
in the section on enzymatic studies. 

Enzymatic studies. L-amino acid oxidase: 
Fractions A and B and p,t-SHTP were incu- 
bated with t-amino acid oxidase permitting 
the reaction to go to completion. As shown 
in Table I the racemic mixture yielded 49% 
of the theoretical amount of 5HIAA.  Frac- 
tion B yielded 80% of the theoretical amount 
of SHIAA whereas no SHIAA was produced 
from Fraction A. Thus Fraction B was taken 
to be the t form. Apparently it still con- 
tained some of the p-antipode. However, 
Fraction A was apparently the pure p-anti- 
pode. S5HTP was found to be a much poorer 
substrate of hog kidney p-amino acid oxidase 
than alanine. 5HTP decarboxylase: When 
the various forms of 5HTP were treated with 
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crude preparations of guinea pig kidney de- 
carboxylase the racemic mixture yielded 50% 
of the theoretical amount of serotonin 
(Table I). Fraction B was also decarboxy- 
lated and reacted to a similar extent as it 
had with L-amino acid oxidase. Little sero- 
tonin was formed from Fraction A. 


These enzymatic findings identify the con- 
figurations of the two antipodes and substan- 
tiate the optical specificity of SHTP decar- 
boxylase. Pharmacological studies. The 
pharmacological effects produced by SHTP, 
in previous studies(6) were explained by the 
production of serotonin im vivo. However, 
one could not rule out the possibility that 
some of the observed actions might be due to 
5-hydroxytryptophan itself. 


With the resolution of 5HTP it became 
possible to compare the pharmacological ac- 
tivities of p and tL forms only one of which 
can be enzymatically converted to serotonin. 
Each of the isomeric forms of 5HTP and the 
racemic mixture were administered to mice. 
After 15-20 minutes those animals given the 
L form (Fraction B), or twice the amount of 
p,L-SHTP, exhibited marked tremors, pilo- 
erection, apnea, and hind limb abduction. 
After 35 minutes most of these animals were 
moribund. In contrast, those animals which 
had been given the p form (Fraction A) did 
not differ from the control animals. At the 
end of 45 minutes all the animals were sacri- 
ficed. The brains from all 4 animals in each 
group were pooled, homogenized and assayed 
for serotonin. The results are shown in 
Table II. Consistent with their observed 
central effects 1 and p,r-SHTP produced a 
large increase in brain serotonin. No increase 
in serotonin appeared in those animals 


TABLE II. Serotonin Levels in Brain following 
Administration of the Various Forms of 5HTP. 


Brain serotonin, 


Exp. mg/g 
Control 8 
Deo EP 5.0 

ie oe 3.8 

Dene 8 


Mice were pretreated with 10 mg of iproniazid 
phosphate (i.p.) 40 min. before administration of 
2.5 mg of 5HTP (i.p.). They were sacrificed 45 
min. after receiving 5HTP. 
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treated with the p form. 

Discussion. The resolution of 5HTP into 
the p and x forms has permitted establish- 
ment of the optical specificity of one of the 
enzymes involved in the biogenesis of sero- 
tonin, SHTP décarboxylase. It has also made 
it possible to further substantiate the claim 
that the central effects of 5HTP are due to 
its in vivo conversion to serotonin. It may 
also be of some interest that the anti-insul- 
inase activity previously reported for D,L- 
SHTP has likewise been shown to be re- 
stricted to the 1 antipode.$ 

Summary. The p and 1 forms of 5-hydroxy- 
tryptophan were prepared. Only the L form 
was found to be acted on by SHTP decar- 
boxylase, to increase brain serotonin levels 
in vivo, and to be pharmacologically active. 


§ Dr. Martha Vaughan, personal communication. 
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Recent work(2) has shown that mice in 
groups have significantly heavier adrenal 
glands than mice kept in isolation. Other 
work has shown that mice in a group will ar- 
range themselves in an ordered social rank 
such that each mouse is dominant over those 
below it in rank(4,5). It seemed logical to in- 
vestigate whether or not there is a relation- 
ship between social rank and adrenal weight. 
This report describes experiments designed 
to determine if there is such a relationship, 
after first performing pilot experiments to de- 
termine if the procedures used would in 


themselves produce changes in adrenal 
weight, 

Methods. The mice used were ‘wild- 
strain” house mice (Mus musculus). These 


were descendants of wild mice captured in 
buildings and had been maintained in the 
laboratory for more than 10 generations. 


This strain is superior to albino mice for the 
present purpose, because past work(2) has 
shown that their adrenals and reproductive 
organs are more responsive to stressing stim- 
uli. Male mice were weaned at 20 days and 
placed individually in jars, where they were 
kept until becoming sexually mature, usually 
at an age of 2 months and weight of 20-25 g 
The jars were kept on shelves with partitions 
between the jars. Thus the mice were iso- 
lated visually, but not auditorily or olfac- 
torily. The experimental design called for 
placing mice in. groups for 4 hours each day, 
observing the social rank of each individual 
and then returning each mouse to its own 
jar for the remaining 20 hours of the day, 
and repeating this procedure daily. It was 
therefore important to determine by a pilot 
experiment whether daily handling would it- 
self produce increase in adrenal weight and 


ADRENAL WEIGHT AND SocraL RANK 


TABLE I. Pilot Experiment on Procedures. 
a 


Body Adrenal 

Treatment for 10 days n wt,g* wt,mg* 

A. Isolated but not handled 16 25.9 1.1 4.49 .77 

B. Isolated but change jar CeO wt F495 60 
daily 

C. Grouped for 4 hra day 7 25.7 2.5 5.48 .54 

D. Grouped continuously © 26.0 1.0 5.38.79 


* Mean and 8.D. given. 


whether being grouped only 4 hours a day 
would be as effective in producing adrenal 
enlargement as leaving the mice continuously 
in groups. The pilot experiment (Dec. 1954) 
consisted of comparing the adrenal weights 
of 4 groups of mice. One group (A) consisted 
of 16 male mice which were left in isolation 
without handling. A second group (B) con- 
sisted of 7 mice which for 10 days were kept 
in individual jars, but transferred from one 
jar to another for 4 hours and then returned 
to their original jar. The third group (C) 
had 7 mice which for 10 days were placed 
together each day in a 20 gal. metal con- 
tainer for 4 hours and then returned to their 
individual jars for the remaining 20 hours. 
The final group (D) were left grouped con- 
tinuously in a 20 gal. metal container for 
10 days. After the 10 days of experimental 
handling all mice were sacrificed and their 
adrenal weights obtained and compared. The 
results (Table I) showed that handling iso- 
lated mice twice a day did not alter adrenal 
weight and that the adrenal weights of the 
grouped mice (C and D) were significantly 
greater than of isolated mice (groups A and 
B). No significant difference in adrenal 
weight was noted irrespective of whether 
the mice were grouped for 24 or only 4 
hours a day. It was considered desirable 
to give the mice 20 hours in their own 
private jar to recuperate and feed. The 
results of the pilot studies indicated that 
this procedure could be followed. On _ the 
basis of the above results and accumulated 
experience, the following routine was fixed 
for subsequent experiments. For practical 
reasons the number of mice per group was 
reduced from 7 to 6. Six male mice were 
randomly chosen and kept in their visually 
isolated individual jars. Selection of mice for 
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each experimental group was made by choos- 
ing groups of mice with body weights as 
homogeneous as possible. The weights some- 
times varied as much as 6 g within a group, 
but this difference was not considered impor- 
tant in mature mice since all adrenal weights 
were to be expressed in terms of mg/100 g 
body weight. The 6 mice in each group were 
placed in a 20 gal. metal can for 4 hours 
daily (except Sunday) for 10 days. The 
basal area of the container was 6 times that 
of the individual jars. The floor of the can 
was covered with sawdust. At first food and 
water were supplied, but these were elimi- 
nated because the mice rarely fed or drank 
when grouped. Usually 2 groups were run 
simultaneously and all experiments were done 
from December to March in 1954, 1955, and 
1956. Social rank was determined by ob- 
servation of fighting. Each mouse could be 
identified by the position of a shaved patch 
of skin, so the identification of the victor and 
loser in contests was possible. Usually the 
top-ranking mouse was obvious, even on the 
first day. Rank determination was further 
confirmed on the last day of the experiment 
by a round-robin of contests between pairs 
of mice. Usually rank was clearly deter- 
mined by the latter procedure, although ties 
did occur occasionally. There was no indi- 
cation that the rank as displayed in a paired 
comparison differed from the rank when the 
same 2 mice were part of the larger group. 
In every group the most dominant mouse 
(rank I) was obvious. Usually the second 
and sixth ranks were also easily determined, 
but it was frequently difficult to separate the 
third ranking mouse from the fourth, or the 
fourth from the fifth. This difficulty was due 
to a lack of fighting rather than reversals or 
ties. Thus assigned rank may be erroneous 
for mice in the middle of the hierarchy and 
in some ways it would be better to treat mice 
in ranks III, IV and V as a group rather than 
as 3 separate ranks. It should be kept in 
mind that these ranks are not necessarily 
equally spaced within a group or between 
groups. Occasionally rank changed during 
the 10 days and usually was a reversal be- 
tween the 2 top mice in the first few days. In 
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ADRENAL WEIGHT AND SOCIAL RANK 


TABLE II. Results of Social Rank and Adrenal Weight Determinations for 18 Groups of 6 Mice Hach. 


(Body wt in g. 


parametric. ) 


Adrenal wt in mg/100 g of initial body wt. Social rank (Roman numerals) is non+ 


Rank I va TIT IV V VI 
Body Adrenal Body Adrenal Body Adrenal Body Adrenal Body Adrenal Body Adrenal 
Group wt wt wt wt wt wt wt wt wt wt wt d wt 
B 30. 15.7 28. 19.6 30. 17.5 30. 19.2 30. 20.7 28. 17.3 
C 30. 17.9 30. 16.7 28. 17.3 30. 23.7 28. 18.3 30. IW fall 
D 28. 13. 26. Iga 28. 18.1 26. 19.2 28. 22.9 28. 17.8 
E 28. 18.9 28. ailgil 28. 8.6 26. 13.3 26. 20.7 28. ew: 
EB 32. 18.3 34. 18.4 34. 21.1 32. 12.3 32. 15.9 26. 14.3 
G 30. 15.4 30. 20.6 24, 22. 24, 18 24 21.6 30,_ LOE 
H 20.2 23.2 19: 26.5 23.5 26.9 20. 26.9 Pallas ANS Pep PADRE: 
if 25. 19.8 Piles paleal 22.8 24.3 ALS) a 23. 23.1 22.6 26.7 
J 23.9 20.2 25.5 23.6 22.5 24.2 26.1 22.3 26.1 23.7 22. 27.5 
K 24.6 23.9 23.8 23.2 24.3 21.5 23.1 (28.4 24.5 22.4 23.5 27.1 
L 24.8° 21.7 241 19.6 24.9 20.5 Ale) slic! 23.3 33.2 213 7 2D 
oN, 24.9 22.8 2220 la 24.5 19. 23.4 22.8 22.6 24.2 20.38 21.3 
O 24.8 23.3 24.5 26.5 25.2 21.8 22.8. 21.4 25.2 21. 23. 29.9 
P 25.4 21.8 24.8 23. 23.8 22.1 25.3 19:3 23. 27.1 23.8 24. 
Q 25.2 18.5 22.2 22.9 24. 20.4 23.1 21.9 PASE = AUG Ne! 25.6 21.6 
R 22.5 20.9 24, 24.7 23.00 oe te 23.3 23. 22 LiCA 25.1 .26.7 
) 24.5 17.8 26.b-— 1198 24.6 19.2 Pe) AL(RY) 2350 eleD 24.1 22. 
ap 24.3 20. 22.8 18.9 25.8 21.5 24.8 19.2 24.4 19.3 24.8 22.7 
Mean 26 19.6 25.4 20.9 25.6. 20.2 24.9 21.5 25.1 21.5 25. 22. 


| 
| 
| 


other cases a mouse became ill and declined 
in rank. Rank on the tenth day was always 
used for the results. The mice were killed by 
a blow, weighed, and the adrenals removed 
and fixed in formalin. They were later 
weighed on a Roller-Smith torsion balance. 
Since rank was assigned without any measure 
of the degree of difference between ranks, a 
non-parametric method of statistical analysis 
of the relationship between rank and adrenal 
- weight had to be used. The “ordering test” 
described by Quenouille(3) was used. 
Results. The details of each experiment 
are given in Table II. Body weight is the 
initial weight at the beginning of the experi- 
ment. Adrenal weights are given as mg/100 
g of initial body weight. The initial body 
weight is preferred rather than the final 
weight, as in most cases rank was decided on 
the first or second day and in addition does 
not reflect losses in weight during the 10 days. 
The results are shown graphically in Fig. 1. 
It is apparent that all but the top-ranking 
mouse (I) lost weight during the 10-day pe- 
riod of grouping. It is equally apparent that 
adjustment of adrenal weight to final body 
weight could suggest a greater increase in 
adrenal weight than was actually the case. 
The order test(3) gives a significance of 
P<0.01 for the relationship between social 


rank and adrenal weight. 
On the basis of this analysis and graphical 
presentation of the data, it is concluded that 


nm 
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BODY WEIGHT (GMS) 


ADRENAL WT. (MGM/IOO GMS) 
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WW IV V 
SOCIAL RANK 
FIG. 1. Relation of body weight and rank (upper 
lines) and adrenal size and rank (lower lines). 
Dotted line refers to weight at start and solid line 

refers to weight at end of 10 days. 
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SEX DIFFERENCE IN CHICKEN ELECTROCARDIOGRAM 


low-ranking mice have larger adrenals at the 
end of 10 days under these experimental con- 
ditions than do high-ranking mice. The bio- 
logical significance appears to be that low- 
ranking mice are subjected to more physical 
and psychological stressing stimuli. Barnett 
(1) noted that the function and size of the 
adrenal cortex was greater in subordinate 
rats than in dominant rats. 


Summary. Mature male “wild-strain 
mice,” isolated from weaning, were placed in 
groups of 6 for 4 hours a day for 10 days. 
The social or dominance rank of each mouse 
was determined. Adrenal and body weights 
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were obtained for each mouse. A significant 
relationship was found between adrenal 
weight and social rank. It is concluded that 
high-ranking mice have smaller adrenals 
than do low-ranking mice. 


1. Barnett, S. A. Nature, 1955, v175, 126: 

2. Christian, J. J, Am. J. Physitol., 1955, vi182, 
292. 

3. Quenouille, M. H., Associated Measurements, 
Butterworth Scientific Pubs., London, 1952, x + 242. 

4. Scott, J. P., and Fredericson, E., Physiol. Zool., 
LOSI V2 4 ior 

5. Uhrich, J.. J. Comp. Psychol., 1938, v25, 373. 
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Role of Estrogen in Sex Difference of the Electrocardiogram of the Chicken.* 
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Pau D. StuRKIE AND WALTER G. HUNSAKER (Introduced by R. P. Reece) 
Laboratory of Avian Physiology, Rutgers University, New Brunswick, N. J. 


Data from this laboratory show a sex dif- 
ference in the blood pressure and heart rate 
of chickens(1) but not in the pigeon and 
duck(2). It was also shown that estrogen 
played a role in the blood pressure difference 
(3). Earlier studies on the electrocardiogram 
of chickens by Kisch(4) and Sturkie(5) were 
not concerned with a possible sex difference 
as their experiments dealt with only one sex, 
or sex was not indicated. 

This report shows that the amplitude of the 
male chicken ECG is considerably greater 
than that of the female and that administra- 
tion of estrogen to the male decreases ampli- 
tude significantly. 

Procedure. The data pertaining to the nor- 
mal sex difference in amplitude of ECG are 
based on records of yearling males and fe- 
males taken in March and June of 1955. The 
estrogen experiments were conducted about 
one year later on yearling males fed a 
standard commercial diet. ECG’s were run 
on males before, during and 2 months after 
discontinuance of estrogen treatments. Con- 


* Paper of Journal Series, N.J. Agri. Exp. Station, 
Rutgers University, State University of N. J., Poultry 
Department, New Brunswick. 


trol ECG’s were taken, and one week later the 
males received one 15-mg pellet of diethyl- 
stilbestrol as an implant. Two weeks later 
another 15-mg pellet was implanted. The 
second ECG was taken 29 days after the first 
pellet was implanted. The birds then received 
a third pellet, and the third ECG was taken 
14 days later or 43 days after estrogen was 
first administered. The last ECG was taken 
57 days after the last administration of estro- 
gen. Based upon comb size, the birds ap- 
peared to have recovered from estrogen. 


ECG’s were recorded on unanesthetized 
birds, using a Sanborn 150-1600-amplifier 
and a 151-100A recorder, at a chart speed of 
50 mm per second. Needle electrodes were 
inserted in the muscles at the base of right 
and left wings and the muscle of the left 
thigh, to form the standard limb leads(5). 
Amplitudes of 5 or more R and S waves per 
bird were measured on all ECG’s of leads II 
and III and the averages recorded. P waves 
of a few selected records were measured, but 
it is difficult to measure amplitudes of P and 
T waves because they are often fused in the 
chicken ECG(6). To measure amplitude ac- 
curately at the usual standardization of 1 


FIG. 1. Leads I, IJ and III of ECG of normal 
female chicken. Standardization, 1 cm equal 1 mv, 
chart speed 50 mm per sec. 


cm = 1 my, the records were magnified so 
that each unit of measurement equaled ™% 
mm or 1/40 mv. RS axes were calculated 
from leads II and III. 

Results. ECG’s of normal males and fe- 
males. The chicken ECG exhibits P, S and 
T waves and usually a small, abortive R wave 
but no Q. The R is more prominent in the 
male but less so than S (Fig. 1 and 2). The 
amplitude of all waves of lead I is low, and 
the T wave is usually isoelectric. P and T 
waves are often fused in the female record, 
even when recorded on instruments of high 
frequency (500 cycles per second) and rapid 
chart speeds (50-75 mm per second). Rarely 
is this true of the male ECG. 

The amplitude of all waves of the male 
ECG is considerably greater than that of the 
female. The magnitudes of differences for R, 
S and RS are shown in Table I, where the 
amplitude for the male is over twice that of 
the female. The differences are highly sig- 
nificant statistically. 


ECQ’s of estrogen-treated males. Estrogen 


TABLE I. Mean Amplitude in Millimeters of R, 
S, and RS in ECG, Leads II and III, of Adult 


Chickens. Standardization, 1 em — 1 my. 
II Ave a Ta ~ 
R S RS R S RS) 
25 males > 
Mean 2.65 7.95 5.30 1.82 7.72 5.90 
S. D. 1.44 2,22 2.93 122 2.51 2.48 
S. E. 30 45 .60 25 51 49 
31 females 

Mean 83 3.380 2.47 30 62.80 862.50 
Sep. 81 85 = 1.21 47 87 AX) 
8. E. 15 16 22 09 16 18 
Mean diff. 1.82 4.65 2.88 152 4.92 3.38 

es 5.50 6.00 9.70 9.10 4.40 
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TABLE II. Mean Amplitude in Millimeters of 
RS Complex of ECG of Males (11 to 13) before 


and after Estrogen Administration. Standardiza- 
HOD) le Chie llemiv. 
Before During estrogen After 
Lead estrogen 29days 43 days estrogen 
ine ). 0) 5.99 7.43 
ie 10. 6.47 6.43 7.86 
administration resulted in a considerable 


decrease in the amplitude of P, R, and S 
waves and some decrease in T (Fig. 2). The 
RS complex is characterized usually by a 
small R and a prominent S wave. Thus, the 
changes in R and S resulting from estrogen 
represent changes mainly in S. The mean 
amplitudes of RS before, during, and after 
recovery from estrogen are shown in Table 
II, and percentage change in Table III. The 
decrease in RS between treatments 1 and 2, 
and 1 and 3 (before and during estrogen) in 
leads II and III range from 33.5 to 36.8%. 
ECG’s run on the untreated birds during 
these periods exhibited no change.  Fifty- 


seven days after estrogen was administered, 
or approximately 1 month after all estrogen 
had been absorbed, (treatment 4), the ampli- 
tudes of RS increased from 20 to 30%, but 
Although 


were still less than before estrogen. 


F IG. 2s 

(upper) and after (lower) aceres administration. 

Standardization, 1 cm equal 1 mv, chart speed 50 
mm per sec. 


SEX DIFFERENCE IN CHICKEN ELECTROCARDIOGRAM 


TABLE III. Percent Difference in Mean RS Com- 
plexes of Males before Estrogen (1), during Estro- 
gen (2 and 3) and after Estrogen Administration 


(4). (Differences paired.) 
Treatments, Lead II Lead ITI 
% change 
from-to Diti wHrnonest® Ditiee Error at. 
1&2 — 36.80 2.04 6.5 -— 36.05 1.97 7.4 
1&3 — 33.538 2.07 5.4 Sh Oss an allem Oke 
1&4 Sl T.O4) 230) eoeo Seed: 23 Se 
2&4 +30.00 1.83 3.2 +21.68 1.92 3.4 
3&4 +1950 1.78 2.2t +2225 1.88 2.8 


* All t values highly significant except (+) which 
is borderline. 
the ECG’s showed a significant recovery from 
the effects of estrogen it was not complete, 
because the values were still significantly less 
than pretreatment values (difference between 
1 and 4). 

RS axes. The mean electrical axes for the 
4 treatments were: 1) 85.8, 2) 82.46, 3) 
87.16 and 4) 85.2 degrees. None of the dif- 
ferences is significant. 

P wave. The amplitude of the P waves, 
based on a few selected records, showed a de- 
crease of 21.0% resulting from the estrogen 
treatment. 

Heart Rate was not influenced by estrogen 
and this confirms our previous findings(3). 

Discussion. These data demonstrate that 
the amplitude of R, S and RS in the normal 
female chicken ECG is approximately 55% 
less than that of the male. The voltage of 
the ECG of the estrogenized male is 30 to 
35% less than in normal males. These re- 
sults might suggest that estrogen plays a role 
in the normal sex difference of chicken ECG. 
Laying hens secreting estrogen and estrogen- 
ized males exhibit a phenomenal increase in 
blood lipids and a tendency. to obesity(6), 
which may be conducive to the lower voltage 
of chicken ECG, as it has been reported to be 
for the human ECG(7), because adipose tis- 
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sue tends to shunt or resist cardiac electropo- 
tentials(7,8). Whether or not obesity influ- 
ences voltage of the chicken ECG, and if so, 
to what extent such changes are influenced by 
input impedance of amplifier used remains to 
be determined. 

Estrogen at the level administered in this 
experiment to males depresses size of comb 
and testes and suppresses the output of pitui- 
tary gonadotrophins and androgen. Thus, 
the decreased amplitude of the estrogenized 
male ECG could result from lack of androgen 
rather than the effects of estrogen, and like- 
wise the normal sex difference in ECG may 
be attributable to androgen rather than estro- 
gen. Further studies on sexually immature 
males and females and castrates should reveal 
which gonadal hormones if any, are operative 
and to what extent. 

Summary. The data demonstrate that am- 
plitudes of R, S and RS of the ECG of nor- 
mal hens are approximately half those of nor- 
mal males. The effects of estrogen on the ECG 
of adult males were studied. The voltage of 
these waves of estrogenized males is decreased 
about 30 to 35%. 


1. Sturkie, P. D., Weiss, H. S., and Ringer, R. K., 
Am. J. Physiol., 1953, v174, 405. 

2. Ringer, R. K., Weiss, H. S., and Sturkie, P. D., 
ibid., 1955, v183, 141. 

3. Sturkie, P. D., and Ringer, R. K., ibzd., 1955, 
v180, 53. 

4. Kisch, B., Exp. Med. and Surg., 1951, v9, 103. 

5. Sturkie, P. D., Am. J. Vet. Res., 1949, v10, 168. 

6. , Avian Physiology, 1954, Comstock Publ. 
Co;, Ithaca, N. Y. 

7. Lepeschkin, E., Modern Electrocardiography, 
1951, vl, Williams and Wilkins, Baltimore, Md. 
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Active Constriction and Dilatation in Pulmonary Circulation in Response to 
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Joun C. Rosset 
Department of Medicine, Georgetown University School of Medicine, and Cardiovascular 
Research Laboratory, Georgetown University Hospital, Washington, IDG. 


Many believe that the pulmonary circula- 
tion is passive, in that changes in vessel cali- 
bre are due only to changes in blood flow or 
alterations in intrapulmonary blood volume. 
The observed effects of drugs on pulmonary 
arterial pressure have been attributed to 
back-pressure from the left auricle(1), redis- 
tribution of blood volume(2) or altered bron- 
chomotor tone(3). However, recent reports 
(4,5,6) of experiments that excluded extra- 
pulmonary factors indicate that vessels of the 
lesser circulation are capable of active vaso- 
constriction in response to appropriate phar- 
macologic stimuli. Older experiments showed 
that acetylcholine produces vasomotor re- 
sponses in isolated pulmonary vessel segments 
(7) and perfused resected lungs(8). , 

The present report is concerned with the 
use of this drug in demonstrating ability of 
lesser circulation to actively dilate, and in in- 
vestigating relationships between pulmonary 
vasomotor and bronchomotor activity. 

Methods. A diaphragm type of pump was 
substituted for the left ventricle in dogs. The 
apparatus and technic for establishment of 
this extracorporeal circulation have been de- 
scribed in detail(9). Blood was drained to- 
tally from left auricle via a 3/8 I. D. Tygon 
tube to a reservoir. From the reservoir it 
was pumped to a T-tube in the descending 
thoracic aorta. The left ventricle thus was 
by-passed. The right ventricle continued to 
function effectively, keeping pace with the 
mechanical pump. Stroke volume and rate of 
“left ventricular” pump were kept constant 
at levels between 1.8 and 2.4 1/minute. Pump 
output does not vary with alterations in peri- 
pheral vascular resistance(9). The modifica- 
tion by which effects of drugs in the pulmon- 


* Supported by grant from Natl. Heart Inst., 
N.1.H., Bethesda, Md. 

+ Work done during tenure of Established Investi- 
gatorship of Amer. Heart Assn. 


ary circulation were studied, has also been de- 
scribed(6). As the drug under study was in- 
jected into the main pulmonary artery, the 
tube draining the left auricle was diverted to 
a second reservoir. The systemic circulation 
continued to be maintained with blood from 
main pump reservoir. When main pump 
reservoir was near depletion, the left auricu- 
lar tube was returned to its original position. 
Then, after an interval, the blood and drug 
in the temporary container were returned to 
the system. During period in which the left 
auricular tube was diverted from main pump 
reservoir, the drug traversed only the lungs 
and was excluded from the systemic circula- 
tion and ventricles. All studies were con- 
trolled with saline injections of comparable 
volumes. Acetylcholine was injected in vol- 
umes never greater than 1 ml. In several in- 
stances, instead of direct pulmonary arterial 
injection, the drug was introduced through a 
polyethylene catheter, the tip of which was 
placed in the right ventricle. This was to 
obviate any “streamlining” effect with un- 
equal distribution to various portions of the 
lungs. No qualitative or quantitative differ- 
ences could be noted between intraventricular 
and direct pulmonary arterial injection. Mon- 
grel dogs weighing 12 to 18.5 kg were anes- 
thetized with sodium pentobarbital 25 mg/kg. 
All studies were made in open-chest animals. 
The trachea was intubated and respirations 
were maintained with 100% oxygen delivered 
via variable phase pulmotor valve. In nebu- 
lization experiments, acetylcholine was deliv- 
ered into airway in 1% concentrations with 
Vaponephrin® nebulizer under _ pressure, 
through 4 or 5 respirations. Experiments 
were controlled with nebulizations of normal 
saline. Cervical vagotomies performed in 3 
experiments were bilateral. Methods for 
pressure and flow recording have been previ- 
ously described(9). In the present experi- 
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main pulmonary artery. At (A), left auricular tube was diverted to temporary reservoir. At (B), 


injection was made. At (C), left auricular tube was returned to its original position. 


Between 


(B) and (C), the drug traversed only the lungs. At (D), blood in the temporary reservoir, which 
contained the drug that had traversed the lungs, was returned to the experimental system. The 
smaller dose produced a fall in pulmonary arterial pressure and a slight increase in flow with no 


change in airway pressure. 


The larger dose caused a rise in pulmonary arterial pressure and a 


fall in flow, with an elevation of airway pressure. The fall in aortic pressure following (C) on 
right occurred before the drug in temporary reservoir was returned to circulation and was probably 
due to small amounts of acetylcholine still washing out of the lungs. 


ments, left auricular blood flow was moni- 
tored with a Shipley-Wilson rotameter. 

Results. Acute effects of acetylcholine in- 
jected into pulmonary artery. Preliminary 
screening of many drugs in this experimental 
preparation revealed that acetylcholine was a 
particularly potent agent for increasing pul- 
monary vascular resistance. However, since 
these observations were made only on vascu- 
lar pressures and flow, and since Rodbard(3) 
has suggested that the acetylcholine response 
is due to altered bronchomotor tone, these 
experiments were repeated with continuous 
monitoring of intratracheal (airway) pres- 
sure. The following data are taken from ob- 
servation of 31 injections of acetylcholine in 
10 experimental preparations. 

In doses of 0.1 to 5 mg (9 to 400 pg/kg) 
acetylcholine produced increased pulmonary 
vascular resistance (6 to 150% of control 


value) in 13 experiments. An example of 
this response is shown in the record on the 
right side of Fig. 1. In each instance, the 
increased pulmonary vascular resistance was 
accompanied by acute rise in airway pressure 
of variable magnitude. 

On the left side of Fig. 1, the record is rep- 
resentative of the response noted in 18 ex- 
periments in which 0.01 to 0.15 mg (0.5 to 
10 pg/kg) acetylcholine were injected into 
the pulmonary artery. In these instances, lit- 
tle or no rise in airway pressure was detect- 
able, and pulmonary vascular resistance fell 
6 to 29% of control value. 

In neither of the above groups was it pos- 
sible to establish a dose-response relationship. 
However, in individual experimental prepara- 
tions, it was possible to clearly draw the line 
at which the pulmonary depressor response 
changed to a pressor response. The minimal 
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dose at which a pressor response was noted 
ranged between 9 and 70 pg/kg acetylcholine 
injected in the pulmonary artery. A point at 
which no resistance alteration resulted be- 
cause of balancing of opposing effects was 
never detected. Varying experimental condi- 
tions and gradual development of tachyphy- 
laxis, especially to smaller doses, may have 
contributed to the inability to quantitate 
these effects any further. 

Response to acetylcholine following bi- 
lateral cervical vagotomy. Respiratory and 
vascular reflexes mediated by the vagi have 
been demonstrated as arising from pulmonary 
blood vessels in response to a variety of 
chemical(10) and mechanical(11) stimuli. 
These have been demonstrated with the pres- 
ent experimental preparation(12). Follow- 
ing bilateral cervical vagotomy in 3 dogs, the 
pulmonary vasopressor and bronchomotor re- 
sponses to acetylcholine (60 to 200 pg/kg) 
injected into the pulmonary artery were un- 
altered. This indicates that the observed vas- 
cular and bronchial responses probably were 
directly elicited by the drug rather than by 
reflex stimulation. 

Reexamination of effects of pressor amines 
with respect to bronchomotor activity. In- 
creased pulmonary vascular resistance in re- 
sponse to epinephrine and _ norepinephrine 
was demonstrated by the same technic(6). 
However, airway pressure was not recorded. 
In 3 dogs, norepinephrine was retested in 
doses of 6 to 12 pg/kg injected into the pul- 
monary artery. In no instance was there an 
increase in intratracheal pressure. In one 
case, there was a fall in airway pressure si- 
multaneous with increased pulmonary vascu- 
lar resistance. 

Effects of nebulized acetylcholine on pul- 
monary vascular resistance. Introduction of 
1% acetylcholine into the airway via the 
nebulizer produced an average rise in maxi- 
mum inspiratory airway pressure of 39% 
(range 15 to 80%) in 6 experiments in 5 
preparations. The maximal rise occurred be- 
tween 25 and 110 seconds following nebuliza- 
tion. There was no rise in pulmonary arterial 
pressure or alteration in pulmonary venous 
flow in any instance at time of maximal air- 
way pressure increase. 


PULMONARY VASOMOTION DUE TO ACETYLCHOLINE 


Discussion. The means by which acetyl- 
choline injected in the pulmonary artery af- 
fects the bronchi remains obscure. Mar- 
chand, Gilroy and Wilson(13) demonstrated 
anastomoses between the pulmonary and 
bronchial circulations in humans, and these 
have been discussed in relation to the dog 
pulmonary circulation by Daly et al.(14). 
It is possible that acetylcholine enters the 
bronchial capillary or venous circulation via 
such pulmonary-bronchial anastomoses, so 
that bronchomotor effects could occur even 
when the pulmonary circulation is isolated 
from the systemic circulation. On the other 
hand, it is possible that respiratory units pro- 
vided with sufficient smooth muscle to pro- 
duce significant elevations of intratracheal 
pressure are supplied by the pulmonary ar- 
tery. 

The relationships between bronchomotor 
and pulmonary vasomotor activity remain to 
be further clarified. It remains to be deter- 
mined whether intratracheal pressure accur- 
ately reflects pressure throughout all portions 
of the bronchial tree. 

The qualitatively different pulmonary ves- 
sel response to large and small doses of acetyl- 
choline was demonstrated by Gaddum and 
Holtz in perfused lungs(8). In the present 
studies in which normal pressures, flows, and 
ventilation were maintained, the older find- 
ings were confirmed. The recent investiga- 
tion of Harris and his colleagues(15) suggests 
that acetylcholine produces vasodilatation in 
the human pulmonary circulation and that 
this effect is augmented by preexisting in- 
creased tone in the pulmonary vessels. None 
of the investigations cited suggest which are 
the most active segments in the lesser circu- 
lation. 

Summary and conclusions. The effects of 
acetylcholine on pulmonary vascular bed of 
intact dogs were studied in an experiment in 
which the drug could be excluded from the 
systemic circulation. While larger doses 
(usually greater than 0.1 mg) injected into 
the pulmonary artery were followed by 
increased pulmonary vascular _ resistance, 
smaller doses lowered pulmonary vascular re- 
sistance. Exclusion of extrapulmonary fac- 
tors indicated active pulmonary vasoconstric- 
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tion and vasodilatation. The larger doses 
also caused bronchomotor activity. However, 
the lack of intratracheal pressure changes 
with pulmonary vasodilating doses of acetyl- 
choline or vasoconstricting doses of norepine- 
phrine, and the absence of pulmonary hyper- 
tension with nebulization of acetylcholine in- 
dicated that pulmonary vascular resistance 
alterations were not dependent upon changes 
in bronchomotor tone. 
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Molybdenum has been reported to be as- 
sociated with xanthine oxidase in the rat(1, 
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2). The maximum level of molybdenum re- 
quired for optimum xanthine oxidase activity 
was estimated by De Renzo(3) to be 0.2- 
0.3 ug/day; however, rate of growth of wean- 
ling rats was unaffected by molybdenum sup- 
plementation. It was reported by Reid e¢ al. 
(4) that addition of molybdenum to purified 
diets for chicks or poults resulted in stimula- 
tion of growth rate similar to that obtained 
with distillers dried solubles ash. Remy and 
Westerfeld(5) were unable to demonstrate 
an effect of liver residue on xanthine dehydro- 
genase in the chick as had been obtained in 
the rat. Higgins et al. obtained molybdenum 
deficiency through addition of 4.5-9.4 mg% 
tungsten in the ration of chicks. Feeding of 
molybdenum restored xanthine dehydro- 

+ Predoctoral Research Fellow of Nat. Cancer Inst., 
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genase to normal and corrected other de- 
ficiency symptoms. The ash of distillers 
dried solubles, dried whey and fish solubles 
has been shown to stimulate growth of both 
chicks and poults fed purified type diets(6,7) 
and chicks under practical conditions(8). 
The present study was initiated to determine 
effect of feeding distillers dried solubles ash 
and molybdenum on xanthine dehydrogenase 
activity in the turkey poult. 


Methods. Broad Breasted Bronze turkey 
poults obtained from dams fed a breeder ra- 
tion containing alfalfa meal, fish solubles and 
dried whey were used. The poults were di- 
vided into groups of'10 birds at 1 day of age 
and 2 replicates were fed on each dietary 
treatment. The basal diet was the same as 
reported by Reid et al.(4) and consisted of 
soybean protein (Drackett C-1) and starch 
supplemented to meet requirements of the 
turkey poult. Poults were maintained in bat- 
teries throughout the 4 week experimental 
period. Feed and water were supplied ad 
libitum. Ten birds from each treatment (5 
birds/replicate) were sacrificed for xanthine 
dehydrogenase determinations on liver and 
intestine according to the procedure of Remy 
et al.(9). In addition, the left tibia was re- 
moved for bone ash determinations. Molyb- 
denum determinations on livers, bones and 
diets were carried out according to the pro- 
cedure of Bertrand(10) and Marmoy(11). 


Results. Addition of 6% distillers dried sol- 
ubles to the basal diet produced a 14.9% (P 
<0.05) increase in growth rate of turkeys at 
4 weeks of age (Table I). A similar response 
(14.4%) was obtained with 0.0254 ppm added 
molybdenum. This level of molybdenum was 
found to correspond to one-fourth of that sup- 
plied by distillers dried solubles. Distillers 
dried solubles used in this study was assayed 
and contained 1.8 ppm molybdenum. The ash 
of distillers dried solubles was approximately 
twice as active as the untreated product in 
stimulating growth of poults (Table I). 
These data indicate that a portion of molyb- 
denum or other minerals present in distillers 
dried solubles was unavailable to poults for 
growth. A mixture of distillers dried solubles, 
dried whey, fish solubles, an antibiotic fermen- 


TABLE I. Effect of Molybdenum, Distillers Dried Solubles and Ash of Distillers Dried Solubles on Growth, Bone Ash and Xanthine Dehydrogenase in 


Turkey Poults at 4 Weeks of Age. 


Ratio of 
liver enzyme 


Liver mo- 
lybdenum 


vthine dehydro- 


« 
« 


Xx 


genase activity, mm* 


activity to 
molybdenum 


content 
(dry wt 
basis), ppm 


/20 min./283 mg 


O: 


Molybdenum 


Response 


Molybdenum 


tissue (wet wt) 


content of 
bone ash, ppm 


Avg wt over basal, Bone ash, 


at 4 wk, g 


content of 
diets, ppm 


content 


Liver 


%o 


Jo 


Intestine 


- BAT 


Supplements to basal diet 


27.9 
2 


2.54 
2.96 


240 40.4 70.9 


.216 


444 


459.7 


1.58 
1.68 
1.61 


5.4 


SG 


? 
oO 


47.34 


56.4 


14.9t¢ 
14.4¢ 


528.0 


6% distillers dried solubles 


3.15 26.7 


94.0 


56.24 


56.6 


526.0 


.0254 ppm molybdenum (as molybdie 


acid) 
Distillers dried solubles ash 


U. G. F. mixture* 


312 52.3 3.20 
5.95 


Bb74 


7.0 


588.5 28.0 5 


1.68 
1.98 


23.6 


140.74 


64.54 


44,9} 56.7 


14.2 


666.0 


a 


65.5 


Its De 


18.9 


a 


86.7 


01 


* 3% distillers dried solubles, 6% fish solubles, 6% dried whey, 3% antibiotic fermentation residue, and 3% forage juice. 


t Significant at .05 level of probability over unsupplemented group. 
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tation residue, and forage juice produced a 
44.9% increase in growth (P<0.01). It is 
suggested from these data that a portion of 
the unidentified factor response may be ex- 
plained on the basis of molybdenum in the 
factor sources. 

Slight increases in bone ash values were ob- 
tained with supplemented diets. A 1.7% in- 
crease in bone ash was obtained with 6% 
distillers dried solubles, 1.9% increase with 
molybdenum, 2.3% with distillers dried sol- 
ubles ash, and 2% with the unidentified fac- 
tor mixture. Morrison ef al.(12) have re- 
ported significantly higher (P<0.02) bone 
ash values in chicks upon feeding of ash of a 
mixture of distillers dried solubles, dried 
whey, fish solubles, forage juice and penicil- 
lin mycelia meal; bone ash was _ increased 
from 45.07% for the basal group to 47.30% 
for the supplemented group in this report. 

Molybdenum determinations on bone ash of 
turkey poults demonstrated slightly more of 
the element present in ash from birds fed 
molybdic acid, distillers dried solubles ash 
or the U.G.F. mixture as compared to the 
basal group. There was slightly less molyb- 
denum present in the bone ash of 6% distil- 
lers dried solubles fed poults (Table I) than 
in control birds. 

Intestinal xanthine dehydrogenase activi- 
ties, determined using hypoxanthine as sub- 
strate with methylene blue as electron ac- 
ceptor, were increased significantly (P<0.01) 
over that of the control group by all supple- 
ments tested. Enzyme activity exhibited by 
the group fed 0.0254 ppm added molybdenum 
as molybdic acid was significantly greater 
(P<0.01) than that obtained with the dis- 
tillers dried solubles group (Table I). The 
ash of distillers dried solubles was more ac- 
tive (P<0.05) in stimulating intestinal xan- 
thine dehydrogenase activity than the un- 
treated product, but was not significantly dif- 
ferent from molybdenum in this regard 
(Table I). 

The mixture of supplements was more ef- 
fective than any of the supplements tested in 
eliciting a response in intestinal xanthine de- 
hydrogenase. These data again suggest that 
a portion of molybdenum in distillers dried 
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solubles was unavailable to the poult, since 
one-fourth the level of molybdenum in dis- 
tillers dried solubles added as molybdic acid 
was significantly more effective than was dis- 
tillers dried solubles. Ash of distillers dried 
solubles, although more active in this respect 
than the unashed product, was no more ac- 
tive than was molybdenum fed at a level of 
one-fourth that supplied in the ash. 

Liver xanthine dehydrogenase values 
showed significant increases (P<0.05) due 
to addition of either distillers dried solubles, 
molybdenum (0.0254 ppm) or distillers dried 
solubles ash to the basal diet (Table I). 
However, no significant differences in liver 
enzyme activities between these 2 supple- 
ments were obtained. A highly significant 
response in enzyme activity was obtained 
with the mixture. The liver molybdenum 
contents corresponded quite well with level 
of enzyme activity exhibited. A correlation 
coefficient of 0.955 was obtained which proved 
significant at the 0.05 level of probability. 
The ratio of enzyme activity to molybdenum 
content of liver was also fairly constant over 
levels of the element determined, with the 
average for all groups at 25.8. 


Summary. (1) Weights of turkey poults 
fed a purified type diet were increased sig- 
nificantly upon addition of distillers dried sol- 
ubles, distillers dried solubles ash, molyb- 
denum (0.0254 ppm) or a mixture of distil- 
lers dried solubles, dried whey, fish solubles, 
an antibiotic fermentation residue, and forage 
juice. Although differences of as much as 
2% in bone ash were observed, statistical sig- 
nificance was not obtained. (2) Both liver 
and intestinal xanthine dehydrogenase ac- 
tivities were significantly higher in supple- 
mented groups as compared to control birds. 
A significant (P<0.05) correlation was de- 
termined between liver molybdenum content 
and level of enzyme activity. (3) Under the 
conditions of this study a portion of growth 
promoting activity of distillers dried solubles 
ash would appear to be explained on the basis 
of the molybdenum content. 
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A disease of cattle characterized by severe 
inflammation of upper respiratory passages 
and trachea, accompanied by excessive nasal 
discharge, salivation, dyspnea and fever has 
been reported since 1950 in about 15 western 
states(1,2,3). This condition, observed in 
both dairy and beef cattle areas, has been 
described under various names such as acute 
upper respiratory infection, infectious necrotic 
rhinotracheitis, or more commonly, red nose 
disease. At a meeting of the U. S. Livestock 
Sanitary Assn. in Nov. 1955, it was generally 
agreed to call this infectious bovine rhino- 
tracheitis (IBR). The disease could be re- 
produced regularly by intranasal inoculations 
of cattle with nasal washings from naturally 
infected cases, and protection tests in cattle, 
using infectious material from different parts 
of the country, indicated that the illness was 
caused by the same etiological agent(4,5). 
However, attempts to isolate this agent in 
chick embryos, weanling and suckling mice, 
guinea pigs and rabbits were unsuccessful(5). 
In a preliminary report, it was shown that 
with the use of bovine embryonic tissues in 
tissue culture, a virus producing a cytopatho- 
genic effect on cells was isolated from infec- 
tious material of cattle(6). This paper pre- 
sents additional information concerning this 


virus, and shows that it is the etiological 
agent of infectious bovine rhinotracheitis. 
Material and methods. Tissue culture pro- 
cedures. The cortex of bovine kidneys ob- 
tained from 8-9 months old feti was minced 
and trypsinized by a method similar to that 
described by Youngner(6). The prepared 
cells were suspended in nutrient medium con- 
sisting of 0.5% lactalbumin hydrolysate, and 
5% to 10% horse serum made up in Earles 
basic salt solution. To this was added 200 
units of penicillin and 200 ug of streptomy- 
cin/ml. This mixture was then dispensed in 
2 ml amounts in tubes and allowed to stand in 
a stationary position for 5 days, or until good 
cellular growth was observed. At this time, 
the medium was changed and tubes placed in 
roller drums for use. Similar preparations 
were made with bovine testicular tissue. 
Tubes made with lung tissue, however, were 
prepared by a plasma-clot technic employing 
small pieces of minced tissue(7). Sources of 
infectious material. Various tissues, as well 
as nasal washings, were obtained during the 
early acute phase of illness from cattle na- 
turally infected with IBR disease in Colorado, 
California, and Ohio. These specimens were 
placed in screw-cap vials and frozen immedi- 
ately in an alcohol dry-ice bath, and stored at 
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TABLE I. Isolation of IBR Virus from Tissues of Naturally Infected Cattle from Different 
Areas. 
Tsolations/ 
Source Specimen Attempts Year Strain designation 
Colorado beef Turbinate 6/6 1955 Colorado I & IT 
Larynx 2/2 
Trachea 3/0) 
Nasal washing 3/3 1955-56 i ME Vea. 
Spleen 0/5 1955 
Liver 0/4 
Lung 0/7 
California beef Nasal washing WAL 1955 Blythe 
s dairy a IVA 1955 Los Angeles (L.A.) 
Ohio beef Turbinate 1/1 1956 Ohio IL 


—70°C until use. 

Results. 1. Isolation of virus. Tissue cul- 
tures showing a continuous sheet of epithelial 
cells of bovine embryo kidney on the sides of 
tubes were selected for inoculation with infec- 
tious material. Portions of turbinate, larynx, 
trachea, lung, liver, and spleen from infected 
cattle were made into 10% suspensions in 
tissue culture medium, using a glass tissue 
grinder, and centrifuged at 1,000 rpm for 10 
minutes. Supernatants of each suspension 
were inoculated in 0.2 ml amounts into each 
of severai tubes. Similar tubes were inocu- 
lated with 0.2 ml of undiluted nasal washings. 
These tubes were observed daily for at least 
7 days, following which transfers of 0.2 ml 
quantities of tissue culture fluid were made 
into new tubes of tissue culture cells. After 
a sub-culture was made and no demonstrable 
changes occurred, the tubes were discarded. 
A summary of various isolation attempts is 
presented in Table I. 

Two to 3 days after inoculation with infec- 
tious material, a cytopathogenic effect (CPE) 
was observed. The cells became more granu- 
lar, then rounded up and refractile in appear- 
ance. The affected cells grouped together to 
form clumps and strands. This effect was 
progressive until all cells became involved 
and were finally released from the wall of the 
tube. Similar cytological changes occurred 
when tissue cultures of testicular and lung tis- 
sues were inoculated with infectious material. 
The general appearance of this cytological 
change remained the same in all passages, al- 
though the rapidity with which all cells in the 


tube became affected depended on the titer 
of virus inoculated. A comparison of normal 
and infected bovine embryonic kidney epi- 
cells can be seen in 


thelial tissue culture 
Tie. I. 


FIG. 1. Comparison of normal bovine kidney tissue 
(above) with a similar culture (below), showing 
complete cytopathogenic effect following inoculation 
with the virus of infectious bovine rhinotracheitis. 
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Titrations of infected kidney tissue culture 
fluids were made of a number of passages, 
using the CPE as an indicator of end point. 
By preparing 10-fold serial dilutions of the 
8th tissue culture passage of 1 strain of virus 
(Colorado I) and inoculating 0.2 ml into each 
of 4 tubes for each dilution, a 50% end point 
(TCID;9) of infectivity was obtained at 
10°°5. This would indicate that the virus 
had multiplied in the tissue culture, since the 
end point of titration for the 8th passage 
would represent a dilution of 10°'*° of the 
original tissue suspension. Subsequent titra- 
tions through 100 passages of this virus gave 
similar results with TCID;o end points vary- 
ing trom 10° to? ® 

2. Studies with cattle. (a) Reproduction 
of the Disease. All cattle used in these 
studies were either raised on our research 
farm or purchased from the area immediately 
surrounding the laboratory (a region where 
the disease has not yet been reported). The 
animals varied from 4-9 months of age, and 
were generally held in isolation for at least 2 
weeks prior to inoculation. Daily tempera- 
ture records, as well as other observations, 
were made to insure that animals were normal 
before use. 


To determine whether the virus causing the 
CPE in tissue culture produced IBR disease 
in experimental cattle, groups of animals were 
inoculated intranasally with 1 ml of infected 
tissue culture fluid, using different tissue cul- 
ture passage levels of the Colorado I strain. 
The calves were inoculated as follows: 4 with 
T.C. passage 2; 9 with T.C. passage 4; and 
6 with T.C. passage 15. Within 2-3 days 
after inoculation, a febrile response occurred 
in each inoculated animal varying from 
103.6° to 106.6°F and lasting from 1-9 days, 
with average duration of 3% days. Other 
signs of illness, such as nasal discharge, de- 
pression, inappetence, dyspnea, and coughing 
were also noted, although not all of these 
were observed in each experimental animal. 
A high percentage of animals showed marked 
hyperemia of the nasal mucosa as well as 
small, white areas of serofibrinous exudate 
which adhered tightly to the anterior portion 
of mucosal surfaces. This condition generally 
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TABLE II. Cross-Protection Tests in Cattle with, 


Several Strains of Infectious Bovine Rhinotrache- 
itis Virus. 


Challenging strain 


Immunizing Col.I .Col.V Col. V Blythe 
strain TCs * GaN Weide weesee TC} 
Colorado LV N.We 10/7 12) GNST BN Neds 
4 iis ALKOp 0/20 1/11 0/3 0/3 
Blythe T.C. 0/ I NED NZ eNS 
*1T.C, = Tissue culture-propagated virus. 
+ N.W. = Nasal washings from naturally infec- 
ted cattle. 
t Numerator — No. of animals reacting to chal- 
lenge; denominator = No. of animals challenged. 


§ N.T. = Not tested. 


persisted a few days after disappearance of 
the febrile response. In more severe cases, 
this serofibrinous exudate became extensive 
and covered not only anterior areas of the 
nasal mucosa, but also extended posteriorly 
over the surfaces of turbinates. There ap- 
peared to be no discernible difference in re- 
sponse of the cattle to different passage levels 
of tissue culture material tested. Several ani- 
mals, inoculated with normal tissue culture 
fluid, remained healthy and susceptible to 
challenge with virulent virus 2-3 weeks later. 


(b) Identification by protection tests. To 
determine whether the experimentally pro- 
duced disease was actually infectious bovine 
rhinotracheitis, 39 calves were immunized 
with one or another virus strain. They were 
challenged intranasally 2-3 weeks later with 
homologous or heterologous virus shown to 
have disease-producing properties by inocu- 
lation of one or more susceptible control ani- 


mals. The results are summarized in Table 
100, 


3. Identification by serum neutralization 
test. As further proof that the cytopatho- 
genic agent isolated from infectious material 
was the cause of IBR, serum neutralization 
tests were undertaken. In these tests, equal 
amounts of serum, or serum dilutions, were 
mixed with equal amounts of infected tissue 
culture fluid in a final concentration between 
100 to 1,000 TCID;» of virus. This mixture 
was incubated for 2 hours at 37°C and 0.2 
ml then inoculated into each of 3-4 kidney 
tissue culture tubes and observed for several 
days. The serum neutralization effect was 


IBR Virus In TissuzE CULTURE 


TABLE III. Reciprocal Cross-Neutralization Tests 

with 3 Strains of Infectious Bovine Rhinotrachei- 

tis Virus, Using Homologous and Heterologous 
Immune Sera against 32-200 TCID. of Virus. 


Strains of virus used 


Sera tested Colorado 1 Blythe L.A. 
Colorado 1 1: 10 9 C. i: 9 
2 1:180 1:100 1:180 
3 al 6 ul 3 UES) 
Blythe 1 Lata Ka) ies ates, AsO 
2 lie SA JUS Celis) TAS ake) 
es Leeae ey SS} 
+ at 3 ee) Leia) 
L.A. 1 1:180 1:180 1:180 
Normal serum* 0 0 0 


* Normal serum represents 3 tests with pre-inoe- 
ulation sera from cattle inoculated with Colorado 
1 virus. 


recorded when approximately 100 TCIDs5» 
units of virus were observed in the virus con- 
trol titration carried out simultaneously. 

By this method, it was demonstrated that 
the animals inoculated with Colorado I de- 
veloped antibodies against this strain in a 
titer ranging from 1:2 to 1:64. Uninoculated 
control animals, or animals inoculated with 
normal tissue culture fluid, were negative for 
neutralizing antibodies against this virus. Se- 
rum samples collected from 71 animals which 
had recovered from IBR during natural out- 
breaks in California, Colorado, Illinois, Ne- 
braska, and Ohio had neutralizing antibodies 
against Colorado I. Colorado V, Blythe, L. 
A., and Ohio tissue culture isolates were also 
neutralized by Colorado I antiserum. 

To examine more completely the antigenic 
relationship between these viruses, 3 strains 
obtained from widely separated areas (Colo- 
rado I, Blythe, and L.A.) were used in recip- 
rocal cross-neutralization tests employing 
antisera against each of these viruses. The 
results of this work, summarized in Table ITI, 
indicate a close, if not identical, antigenic re- 
lationship between these strains of virus. 

Discussion. The evidence presented seems 
to leave little doubt that the tissue culture 
virus is the etiological agent of IBR disease. 
A significant fact is that this virus produced 
illness in experimental cattle characteristic 
of that observed in naturally occurring cases. 
It is possible, however, that similar upper 
respiratory infections might be caused by a 
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number of agents. Therefore, additional sup- 
port for the relationship of this virus to the 
disease is provided by protection tests in cat- 
tle. If the tissue culture virus was not the 
etiological agent, then animals immunized 
with this virus should have responded to a 
challenge inoculum of IBR infectious ma- 
terial obtained from field outbreaks of the 
disease. As has been shown, this did not oc- 
cur. Final proof as to the identity of the 
virus is provided by the fact that antibodies 
produced by the first tissue culture isolate 
neutralized equally well its homologous virus 
and viruses isolated from infectious material 
from different IBR outbreaks. Conversely, 
sera from these outbreaks readily neutralized 
the tissue culture virus. 


Production of a cytopathogenic effect in 
tissue culture cells by this virus provides an 
easy and accurate means of measuring the 
titer of infectious material. It also furnishes 
a method for additional isolations of the virus 
from various outbreaks of this disease. The 
neutralization test in tissue culture makes 
possible a serological test that can be used to 
study the epidemiology of the disease in in- 
dividual herds or areas, as well as to identify 
new outbreaks of the infection that may occur 
in different parts of the country. 


Since bovine embryonic tissues are readily 
available, growth of this cytopathogenic virus 
in tissue culture is a major step forward in 
propagating the virus in quantity for possible 
use in development of a practical vaccine. 
Furthermore, the fact that all strains of virus 
so far isolated appear to be antigenically the 
same greatly simplifies the task of developing 
an effective control program. 


Summary. An agent producing a cyto- 
pathogenic effect has been isolated in bovine 
embryo tissue culture cells from upper respir- 
atory tissues of cattle having the disease of 
infectious bovine rhinotracheitis. Lack of 
growth in bacteriological culture media, re- 
sistance to antibiotics such as penicillin and 
streptomycin, and ability to pass through fine 
porosity filters demonstrates that this agent 
is a virus. Reproduction of a disease in ex- 
perimental cattle identical to that which oc- 
curs naturally, protection tests in cattle using 


744 


tissue culture virus and infectious material 
from naturally occurring cases, as well as 
neutralization tests with serum obtained from 
naturally and experimentally infected cattle, 
show that this virus is the etiological agent of 
infectious bovine rhinotracheitis. Serum neu- 
tralization tests also indicate that viruses iso- 
lated from different parts of the country are 
closely related antigenically. 
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Increased Production and Utilization of Circulating Glucose During 
Growth Hormone Regimen.*t (23072) 
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(With technical assistance of C. Bjerknes and P. B. Wedeles) 
Department of Pharmacology, N. Y. University College of Medicine, and Department of Biology, 
Brookhaven National Laboratory, Upton, N. Y. 


Hypophysectomized dogs exhibit extensive 
abnormalities in carbohydrate metabolism 
(1), many of which are reversed by growth 
hormone(2). Large doses of the hormone 
may produce diabetes in the normal dog(3). 
Recently, by application of a technic whereby 
body glucose pool was tagged with C1*(4), 
it was shown that the unanesthetized hypo- 
physectomized dog in postabsorptive state, in 
comparison with the normal dog, had a 
smaller body glucose pool and lower rate of 
glucose turnover, 7.e., glucose inflow from 
liver into plasma, and glucose outflow from 
plasma into tissues(5). 

The present study is concerned with effect 
of a growth hormone regimen on turnover 
rate of the glucose pool in the unanesthetized 
hypophysectomized dog, studied with the aid 
of C1 glucose. 


* These investigations were supported by research 
grant A-113 (C3,C4) from Nat. Inst. of Arthritis 
and Metabolic Diseases of N.I.H., U.S.P.H.S., and 
by grant-in-aid from Am. Cancer Soc. and by research 
grant from Eli Lilly Co. 

+ A part of this research was carried out at Brook- 
haven National Laboratory under the auspices of 
U.S. Atomic Energy Comm. 


Materials and methods. Adult hypophy- 
sectomized male and female dogs, maintained 
on standard diet(2), were used. The animals 
were 57-850 days postoperative. Growth 
hormone (Lot C;I;; prepared and kindly 
supplied by Dr. Robert Bates) was adminis- 
tered intramuscularly in daily doses of 1 
mg/kg for 4-5 days, last injection given 18 
hours prior to experiment. The animals were 
in good physical and nutritional state before 
and during injection period. The experiments 
were performed after 17-18 hours fast and 
without anesthesia. A complete description 
of experimental material and procedure has 
been given previously (4). Uniformly labeled 
C'™ glucose was administered intravenously 
by initial priming injection, followed im- 
mediately by constant continuous infusion. 
Total amount of glucose administered did not 
exceed 4 mg. Samples of blood were drawn 
at intervals for determination of concentra- 
tion of plasma glucose and its C™ content. 
Plasma glucose content was determined on 
aliquots of Somogyi zinc-barium filtrates(6), 
by the method of Hagedorn-Jensen(7). Un- 
labeled carrier glucose was then added _ to 
other aliquots of the filtrate and glucose was 
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TABLE I. Plasma Glucose Concentration and Glu- 

cose Inflow-Outflow Rates in Normal, Hypophysee- 

tomized and Growth Hormone-Treated Hypophy- 
sectomized Dogs. 


Ayg plasma Glueose 
glucose, inflow-outflow, 
Dog status mg % g/m?/hr 
Normal (10)* 107 3.80 + .194 
Hypophysectomized (7) 89 Peooesteneen 


Hypophyseetomized 
on growth hormone 
(1 mg/kg, 4-5 days) 


AL-22 95t 4.07] 
ATS 134 3.76 3.89 + .09 
AL-16 109 3.85 | 


* No. of experiments. 

+ Mean and stand. error of mean. 

¢} Compared with 81 mg prior to growth hormone 
treatment. 


isolated as the phenylosazone derivative. 
Rate of glucose turnover was calculated as 
described previously (4). 

Results. Table I gives average plasma glu- 
cose concentration and turnover rate of body 
glucose in normal, hypophysectomized and 
growth hormone-treated hypophysectomized 
dogs. Composite values for normal and hy- 
pophysectomized dogs were obtained in earlier 
studies(5). The turnover rate is presented 
as grams glucose/m* body surface area/hr. 
Surface area was calculated according to 
Rhoads, Alving, Hiller and Van Slyke(8), 
using the weight at time of experiment. The 
outstanding observation in this study was the 
increase in rate of glucose inflow-outflow dur- 
ing the growth hormone regimen. Thus more 
glucose was released by the liver into the 
plasma and more glucose disappeared from 
the plasma into the tissues. 

Growth hormone treatment in hypophysec- 
tomized dogs also raised plasma glucose con- 
centration to normal or above. Although the 
rise is less apparent for dog AL-22, it should 
be noted that hormone treatment elevated 
the glucose concentration 14 mg% above the 
control. The effect of growth hormone on 
glucose pool size remains to be clarified. 


Discussion. The present study demon- 
strates that growth hormone regimen resulted 
in an increased release of glucose from the 
liver and an increased uptake of plasma glu- 
cose by tissues. This was observed during 
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growth hormone treatment in normal and 
adrenalectomized dogs as well as in hypophy- 
sectomized dogs. In hypophysectomized dogs, 
as shown here, growth hormone treatment re- 
stored to normal their low rate of glucose in- 
flow-outflow(5). 

The ability of growth hormone to increase 
glucose inflow from the liver is even more 
striking when considered together with the 
results obtained following insulin injection in 
untreated hypophysectomized animals(9). 
Thus when an intravenous injection of insulin 
(glucagon-free) increases glucose uptake by 
the tissues, the liver of the hypophysecto- 
mized dog, in contrast to the normal one, is 
unable to increase its glucose output, and 
consequently a prolonged hypoglycemia is ob- 
served. During growth hormone regimen, as 
shown in the present experiments, increased 
uptake of glucose during postabsorptive state 
was associated with increased glucose release 
from the liver. These findings stress the cen- 
tral position of the liver in the growth hor- 
mone action. A similar increased glucose re- 
lease by the liver was obtained with hydro- 
cortisone or cortisone(10).* However. where- 
as in steroid-treated animals the additional 
glucose is probably of protein origin, as evi- 
denced by an increased excretion of urinary 
nitrogen, the growth hormone-induced in- 
crease in glucose release occurs at a time of 
diminished nitrogen excretion(11), increased 
fat mobilization(12) and while the liver gly- 
cogen is not effectively mobilizable by epine- 
phrine(13). 

The question may be raised whether the 
increased glucose utilization is associated with 
an increased secretion of insulin. Indeed, 
Randle(14) observed an increased plasma in- 
sulin activity in growth hormone-treated ani- 
mals, even during the temporary diabetic 
state. The enhanced glucose utilization and 
increased plasma insulin activity during 
growth hormone treatment are in harmony 
with the findings that growth hormone-in- 
duced nitrogen retention is dependent upon 
adequate glucose utilization(15). The pres- 
ent data suggest that the disappearance of 
insulin hypersensitivity (2), when a hypophy- 


t Reported in Fed. Proc., 1956, 3. 


746 


sectomized dog is kept on a growth hormone 
regimen, involves other factors besides direct 
growth hormone inhibition of insulin action. 
Summary. Using C'* glucose to label the 
body glucose pool, it was found that growth 
hormone treatment for 4-5 days in the hypo- 
physectomized dog, resulted in increased rate 
of glucose release by the liver and plasma 
glucose uptake by the tissues. The plasma 
glucose concentrations were also increased. 
The significance of these findings is discussed. 
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Lactation in Rats. 
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Several investigators have demonstrated 
that prolactin is luteotrophic in the rat. Evans 
et al.(1) reported that prolactin was the only 
anterior pituitary hormone capable of stimu- 
lating luteal function in hypophysectomized 
rats, while Desclin(2) and Mayer and Cani- 
venc(3) found that it prolonged luteal func- 
tion in normal cycling rats. Cutuly(4) 
showed that prolactin maintained early preg- 
nancy in rats mated and then hypophysecto- 
mized, either before or after implantation of 
the ovum. However, Mayer and Klein(5,6) 
reported that prolactin failed to prolong ges- 
tation in intact rats when injected beginning 


* Dept. of Physiology and Pharmacology, Mich. 
State Univ., East Lansing, Mich. This work was 
done during leave of absence, and tenure of Weiz- 
mann Fellowship at Weizmann Institute, 1955-56. 

t Supported in part by funds from Population 
Council, New York, made available to M.CS. 


on the 14th or 19th day of pregnancy, and 
continuing until or beyond the normal day of 
parturition. They also found that prolactin 
did not prolong the life of corpora lutea of 
pregnant rats following removal of uterine 
horns, presumably because the luteotrophic 
influence of the placentae was removed. They 
concluded that pituitary prolactin does not 
exert a luteotrophic action in rats during the 
latter half of pregnancy. 

The present experiments were undertaken 
to determine the effects of several levels of 
purified prolactin on duration of gestation, 
functional activity of corpora lutea and ini- 
tiation of lactation in rats. In general, the 
results show that the prolactin preparation 
used by us prolonged pregnancy and main- 
tained functional activity of the corpora lu- 
tea, without preventing initiation of lactation. 

Methods. One hundred and twenty-four 
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TABLE I. Effects of Prolactin on Duration of Pregnaney and Viability of Young in Rats. 


Avg No. of 


Day of parturi- young Litters 


Group and tion. Still- retained 
No. of rats Treatment 21 22 23 24 25 Alive born inuterus 
(1) 39 Controls, no treatment 32 7 —- 85 3 0 
(2) 10.25 mg prolactin daily 16-20th day of preg. ) leo 0 1 
(3) 10 Idem 25th Ge 3 6.2 3 1 
(4) 15.5 mg prolactin daily 16-20th dav of preg. Gh Bb} od! 3.7 2.4 2 
(5) 5 Idem 25th 3 Se ee Oe) 2 
(6) 10 1 mg prolactin daily 16-20th day of preg. 38 1 4 2.8 aed 2 
COAG Idem 25th 1 2 2 OR 0 5 
©) 25 4 mg prolactin daily 16-20th day of preg. 0 0 5 
@) 5 1 mg prolactin daily 16-20th day of preg. 5 Cc ee? 0 
Ovariectomy 19th day preg. 
GO rs 1 mg prolactin daily 16-20th day of preg. 5 fell ti 0 
Ovariectomy 20th day preg. 
GE aLO 7.5 mg progesterone daily 16-20th day of Ie 0 8.5 0 


preg. 


pregnant albino rats, originally of Wistar 
strain, were used. They weighed from 165 to 
220 g each, and were housed in air-condi- 
tioned quarters with Purina laboratory chow 
and drinking water available at all times. 
The day sperm were found in the vagina was 
considered the first day of pregnancy. With 
the exception of 4 groups of untreated preg- 
nant rats, which served as controls, and one 
which received progesteronet all other groups 
were injected subcutaneously with .25, .50, 
1.0 or 4.0 mg of prolactin’ daily from 16th 
through 20th days of pregnancy. In 3 groups, 
prolactin injections were continued through 
25th day. The day of parturition was re- 
corded for each rat, as well as the number of 
young born alive, stillborn or dead i utero. 
Attempts were made to express milk from the 
nipples beginning the 21st day. At the end 
of 26 days, all rats which had not dropped 
their young were killed and mammary glands 
and ovaries removed for gross and histological 
examination. 

Results. Thirty-two of 39 control rats 
(Group 1) dropped their young on 21st day, 


¢ The crystalline progesterone was provided 
through the courtesy of Dr. J. O. Reed of Foundation 
Laboratories, New York. 

§ We are indebted to Dr. A. Borman of Endocrine 
Research Section, Squibb Institute, New Brunswick, 
N. J., for prolactin, which was stated to contain ap- 
proximately 15 I.U./mg. 


and 7 on 22nd day. An average of 8.5 young 
were born alive and 0.3 young were born dead 
to each mother. When 0.25 mg of prolactin 
was injected from the 16th to 20th day of 
gestation (Group 2), 9 of 10 rats were deliv- 
ered of offspring on the 22nd day and one 
failed to be delivered even by the 25th day. 
The same daily amount of prolactin given 
through the 25th day (Group 3) extended 
the average duration of pregnancy, and 
fewer living young were born per rat (Table 
I). 

Injections of 0.5 mg (Groups 4 and 5) or 
1 mg of prolactin daily (Groups 6 and 7) 
further prolonged gestation and increased the 
number born dead or retained im utero. Treat- 
ment with prolactin to the 25th day was more 
effective in these respects than when termin- 
ated on the 20th day. When 4 mg of pro- 
lactin was injected (Group 8), none of the 
rats was delivered of young by 26th day and 
all fetuses died in utero. Prolongation of ges- 
tation beyond the 23rd day resulted in death 
of most young. 

Groups 9 and 10 were ovariectomized on 
the 19th or 20th day of gestation after re- 
ceiving 1 mg of prolactin daily from 16th 
through 20th day of pregnancy. These rats 
were delivered 2 days after ovariectomy and 
most of the young were born alive. When 
7.5 mg of progesterone was injected from 
16th through 20th day of pregnancy (Group 
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11), the time of parturition was delayed and 
all young were born dead. 

Secretion by mammary glands was initiated 
in almost all mother rats by the 21st day, re- 
gardless of how much prolactin they were 
given, but the amount of lactation appeared 
to be less in mothers with extended pregnancy 
than in those whose pregnancy was termin- 
ated. The corpora lutea of ovaries of pro- 
lactin-treated rats were large, well vascular- 
ized and were markedly predominant over 
follicular cells. 


Discussion. Results of these experiments 
are believed to demonstrate that prolactin 
extends pregnancy in rats under our condi- 
tions, and that this depends upon dose of hor- 
mone and duration of treatment. 
est dose, 4 mg daily, was most effective in in- 
hibiting parturition, while .25 mg daily had 
almost no effect on duration of pregnancy. 
When the period of gestation was extended 
by prolactin, fewer young were born alive and 
a greater number were born dead or retained 
in utero. 

Since prolactin failed to prolong pregnancy 
in rats which had their ovaries removed just 
prior to expected parturition, it is clear that 
the pituitary hormone acts to extend gestation 
via its stimulation of the ovary. Moreover, 
since it has been demonstrated that injections 
of crystalline progesterone will extend gesta- 
tion (Group 11), it appears that the prolactin 
action is to stimulate corpora lutea and in- 
crease secretion of systemic progesterone. 
Histological examination of the ovaries re- 
vealed large and extensive corpora lutea. 

Lactation was initiated in prolactin-treated 
rats about the 21st day after fertilization, re- 
gardless of whether young were expelled or 
retained in the uterus. However, degree of 
secretion was usually greater in mammary 
glands of mothers which dropped their young 
than in those which retained them. This 
supports the view that antagonism between 
mammary growth and lactation during preg- 
nancy is relative and both can proceed si- 
multaneously(7,8). Earlier workers had _ re- 
ported that injections of crude prolactin ex- 
tracts into pregnant rats resulted in initiation 
of lactation only after abortion or resorption 
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of the embryos(9). 

It is difficult to account for differences be- 
tween results reported here and those of 
Mayer and Klein(5,6). They injected rats 
with 30 to 90 I.U. of prolactin daily for 5 to 
10 days beginning on the 14th or 19th day of 
pregnancy, while we injected approximately 
3.7 to 60 I.U. of prolactin daily for 5 to 10 
days beginning on the 16th day of gestation. 
It is possible that factors other than prolac- 
tin in the preparations used influenced the 
results. The exact nature of the factor in 
rat placentae which can maintain gestation 
in hypophysectomized rats after midpreg- 
nancy is unknown, but Canivenc and Mayer 
(10) suggested that it is identical biologically 
with prolactin since it induced proliferation 
of the pigeon crop gland. 


Summary. 1. Injections of approximately 
3.7 to 60 I.U. of prolactin daily for 5 to 10 
days, beginning on the 16th day of gestation, 
prolonged pregnancy in rats. The largest 
doses and longer treatment were most effec- 
tive in preventing parturition, resulting in 
death of most of the young when pregnancy 
was extended beyond 23 days. 2. Prolactin 
failed to prolong pregnancy in rats ovariecto- 
mized on the 19th or 20th day of pregnancy, 
while injections of progesterone into intact 
rats extended pregnancy. These results as 
well as histological examination of corpora 
lutea, suggest that prolactin acts by extending 
functional activity of corpora lutea of preg- 
nancy. 3. Lactation was usually initiated in 
prolactin-injected rats by the 21st day of ges- 
tation, independent of the occurrence of par- 
turition. However, milk secretion was not as 
marked in rats which failed to be delivered 
of their young as in parturient rats. 


1, Evans, H. M., Simpson, M. E., and Lyons, 
W. R., Proc. Soc. Exp. Brox. AND Mep., 1941, v46, 
586. 

2. Desclin, L., Ann. d’Endocrinol., 1949, v10, 1. 

3. Mayer, G., and Canivenc, R., Compt. rend. soc. 
de biol., 1951, v145, 100. 

4. Cutuly, E., Proc. Soc. Exp. Brot. AND MEp., 
1941, v48, 315. 

5. Mayer, G., and Klein, M., Compt. rend. soc. de 
biol., 1949, v143, 1195. 
6. , ibid., 1949, v143, 1197. 


HYALURONIDASE AND CoRTISONE ON CONNECTIVE TISSUE 


7. Meites, J., and Sgouris, J. T., Endocrinology, 
19535 Voy Lae 
8. , tbid., 1954, v55, 530. 


9. Nelson, W. O., tbid., 1934, v18, 33. 


749 


10. Canivenc, R., and Mayer, G., Compt. rend. 
soc. de biol., 1953, v147, 1067. 


Received January 16, 1957. P.S.E.B.M., 1957, v94. 


Effects of Hyaluronidase and Cortisone on Connective Tissue 


Studied Electrometrically.* 


(23074) 


DanieL M. Laskin, Mitton B. ENGEL, NoRMAN R. JOSEPH, AND 
RicHARD CorLEY (Introduced by R. J. Winzler) 
Departments of Oral and Maxillofacial Surgery and Orthodontics, College of Dentistry, and 
Department of Chemistry, College of Pharmacy, University of Illinois, Chicago. 


The ground substance of connective tissue 
behaves in many respects as heterogeneous 
colloid consisting of negatively charged aggre- 
gates. Of these, mucoproteins form a prom- 
inent component(1). The physico-chemical 
state of the ground substance is modulated 
by variations in internal environment and 
through reversible action of certain hormones 
and enzymes(2-5). An example of reversible 
behavior, reported in this paper, is the resyn- 
thesis of connective tissue colloids following 
disaggregation induced by hyaluronidase. 

Many of the properties of the ground sub- 
stance have been related to colloidal charge 
density, which can be determined electro- 
metrically by measurement of liquid junction 
potentials(1-3). The electrometric method 
was used in this investigation to study dis- 
aggregation and reformation of connective 
tissue colloids in normal and cortisone treated 
rabbits after injection of hyaluronidase. The 
rate at which this occurs is believed to reflect 
a synthetic activity of cells. The results sug- 
gest that this procedure may be useful as a 
test of biologic resiliency of connective tissue. 


Material and methods. Liquid junction 
potentials were measured serially on 22 albino 
rabbits, approximately 3 months of age. 
Eight of these animals received two 5 mg in- 
tramuscular injections of cortisone acetate 
(Merck) 48 and 24 hours prior to time of 
analysis. In 4 of these rabbits, electrometric 


* This work was supported by grants from Depart- 
ment of Army, Surgeon General’s Office and Grad- 
uate Research Board, University of Illinois. 


determinations were also made before corti- 
sone was administered. The animals were 
anesthetized by an intraperitoneal injection 
of 3% sodium pentobarbital. A 20-gauge 
one-half inch hypodermic needle was then in- 
serted into the dermal layer of the shaved an- 
terior abdominal wall. A reference junction 
was formed by placing a similar needle under 
the skin of the left hind leg.t After the de- 
sired salt solutions were instilled, the needles 
were connected to small syringe barrels filled 
with saturated KCl in agar which, in turn, 
were joined by saturated KCl bridges to 
calomel half cells. A Leeds-Northrop type 
K-2 potentiometer and galvanometer com- 
pleted the circuit, which may be represented 
as follows: 


Hg | Hg,Cl, | KCl NaCl | Subeut. 
(sat.) | (15M) | tissue — 
| | | (eter) 
Subcut. NaCl KCl | Hg,Cl, | Hg 
— tissue iors) | 
| 


(sat. ) 

(test site) | | | 

A baseline potential (E) was measured with 
0.15 M NaCl (solution I) at both junctions. 
In each instance final value was based on the 
average of 3 consecutive readings taken at 
approximately 30-second intervals, and agree- 
ing within one millivolt. The isotonic saline 
was then withdrawn from the experimental 
needle (abdomen) by aspiration with a 27- 
gauge needle, replaced by solution II, a. 1/10 


+ The reference junction may also be conveniently 
made by placing the shaved ear in a beaker of iso- 
tonic NaCl. 


750 


+5 


Normal level (+25 mV) 


fo} 


Normal 1/2 recovery 


=3 (4 hours) ©  Cortisone Series 


Eg in millivolts 


X in Equivalents 


co) 
~< Cortisone 
\/2 recovery 
(2 1/2 hours) 


| va 3 4 iS) 6 if 8 
Time in hours 


FIG. 1. Effect of hyaluronidase on dermal connec- 
tive tissue in normal and cortisone treated rabbits. 
Each experimental point is mean of 5 or more ob- 
servations. Standard deviations ranged from 1.0 to 
2.4 in normal animals, and 0.5 to 1.7 in those re- 
ceiving cortisone. Half recovery time in each series 
is estimated from mid-point between initial level and 
point of maximal displacement. 


dilution (0.015 M NaCl), and the displaced 
potential (E’) determined. Finally the dilute 
salt solution was replaced with 0.15 M NaCl, 
and the original baseline was restored. The 
difference, E’-E, is termed the dilution poten- 
tial (Ey). After measurement of initial dilu- 
tion potential, 5 turbidity reducing units 
(TRU) of a freshly prepared solution of tes- 
ticular hyaluronidase? dissolved in 0.1 cc of 
0.15 M saline was injected at the test site. 
Dilution potentials were determined at fre- 
quent intervals at first and later at more 
widely spaced times until the values ap- 
proached their initial levels (Fig. 1). The 
relationship between the dilution potential 
and the density of immobile negative charge 
in the connective tissue (x) can be expressed 
by the approximation formula: Ey = —12.3 + 
215 x, where Eq is measured in millivolts and 
x is expressed as equivalents/kg of tissue 
water(1,5,6). 

Results. The results of dilution potential 
determinations in the dermis of normal and 
cortisone treated animals are compared in 
Fig. 1. The average dilution potential in 
the normal rabbit was +2.5 + 1.0 mv cor- 
responding to a colloidal charge density of 
0.069 equivalents.) In animals pretreated 
with cortisone, the initial dilution potential 
averaged —3.4 + 1.3 mv corresponding to a 
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or 60% of the normal level. After hyal-| 
uronidase action, dilution potentials decreased 
on the average to —8.5 mv for normal animals, 
and to —12.0 mv for cortisone treated rabbits. 
Return of dilution potentials to the initial 
state occurred more rapidly in the cortisone 
series. Half-recovery in this group required 
an average of about 214 hours as compared 
with 4 hours for normal animals. 


Discussion. Continuous changes in the 
state of connective tissue can be studied by 
measuring dilution potentials as a function of 
time. The relation of such measurements to 
the concentration of negatively charged col- 
loid has been established(5,6). In dense con- 
nective tissue such as bone and cartilage, 
where the colloid is considered to be highly 
aggregated, the dilution potential may attain 
values of +-25 mv and x may be as high as 
0.175 equivalents/kg of tissue water. In 
loose tissue, as for example synovial fluid, 
the values of E, tend to approach the theor- 
etical limit of -12.3 mv for the state where x 
approaches zero. 

Certain hormones and enzymes alter the 
state of connective tissue colloids, increasing 
fraction of soluble colloids and lowering den- 
sity of immobile negative charge. Dilution 
potentials may then tend to approach the 
lower theoretical limit. When these effects 
are reversed, potentials return to their initial 
levels. Accordingly, electrometric readings 
over an extended period of time offer an ob- 
jective means of studying reversible responses 
of connective tissue. 

Electrometric studies of rabbit skin indi- 
cate that normally the colloids of the dermis 
are not highly aggregated. Treatment with 
cortisone produces a decrease in Ey. As a 
result of this initial modification of connec- 
tive tissue the effect of hyaluronidase in the 
cortisone treated animals is enhanced. Pre- 
vious histochemical and electrochemical 
studies have shown that cortisone adminis- 
tration in the rat leads to the formation of a 


§ Experiments in which liquid junctions are made 
directly to exposed dermis by means of moistened 
cotton have confirmed the existence of contiguous 
regions showing dilution potentials between -2 and 
+2 millivolts. 
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more loosely aggregated ground substance in 
the skin(3). Cortisone appears to increase 
the rate of formation of certain connective 
tissue colloids. However, these components 
have modified physicochemical properties. 
Stimulating effects of cortisone upon connec- 
tive tissue have also been demonstrated in 
nasal mucosa altered by the allergic state(7) 
and in atopic dermatitis(8). 


The rate at which connective tissue is dis- 
aggregated and restored following administra- 
tion of hyaluronidase may be used as an in- 
dex of its initial state and of its capacity for 
repair. It is probable that this response 
varies under the influence of many other hor- 
mones and drugs, as well as in disease states. 
The serial electrometric determination of 
these changes in connective tissue colloids 
may serve as a connective tissue “function” 
test, measuring the ability to maintain homeo- 
stasis. 


Summary. Reversal of hyaluronidase ef- 
fects on concentration of negatively charged 
colloids in the dermis of normal and cortisone 
treated rabbits was studied by serial measure- 
ment of liquid junction potentials. In normal 
animals, hyaluronidase lowers negative charge 
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density in the tissues; recovery is half com- 
pleted in about 4 hours. In animals treated 
with cortisone initial charge density is lower 
than in normal animals. After hyaluronidase 
is injected into the dermis, the lowest levels 
are reached. Half recovery, however, occurs 
in 2% hours. Serial electrometric measure- 
ments following hyaluronidase injection are 
suggested as a means of studying hormone 
and drug effects, and disease states in connec- 
tive tissue. 
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Lack of Specificity of Insulin-I'*!-Binding by Isolated Rat Diaphragm. 
(23075) 


KATHARINA NEWERLY AND SOLOMON A. BERSON 
Radioisotope Service, Veterans Administration Hospital, Bronx, N. Y. 


Stadie and coworkers reported an increase 
in glycogen synthesis by the isolated rat dia- 
phragm exposed briefly to solutions of in- 
sulin(1). It was suggested that insulin is 
bound firmly to tissues at or near sites of en- 
zyme systems and that such fixation is neces- 
sary for its physiologic action. Stadie, Hau- 
gaard and Vaughn(2) later noted that, fol- 
lowing brief immersion of diaphragm into so- 
lutions of S®°-labeled or I'*!-labeled insulin, 
a small fraction of radioactivity remained 
fixed to the tissue even after repeated washing 
with saline solution, and with increasing con- 
centrations of insulin there was a tendency for 


bound insulin to reach a limiting value at 
about 1% to 2 pe/g tissue. 

In the course of studies with a variety of 
T°! labeled proteins from different sources, 
e.g., serum albumin, gamma globulin, insulin, 
glucagon, ACTH, diphtheria toxoid, etc., we 
observed that, at tracer levels, most of these 
proteins adsorb nonspecifically to almost any 
inert surface, and that such adsorption may 
be minimized by presence of high concentra- 
tions of almost any other protein. With in- 
sulin, particularly, adsorption to glass(3), 
and paper(4,5) has been reported previously. 
It therefore seemed of interest to reevaluate 
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the specificity of the binding of isotopically la- 
beled insulin to diaphragm im vitro. 
Methods. 11 labeled insulin was prepared 
from crystalline beef insulin* with specific 
activity of 1-3 mc/mg by modification of the 
method of Pressman and Eisen(6). This 
modification consists of extraction with chloro- 
form of elemental iodine produced in Press- 
man-Eisen procedure and employment of 
CHCl;-I» solution for iodination of proteins. 
By this procedure the yield of protein-bound 
I1*1 js increased to about 30% of the starting 
radioactivity and the iodinated proteins ap- 
pear to preserve their biologic integrity(5). 
All preparations were dialyzed for 18-24 
hours until nonprotein bound I'*! was less 
than 1% of total radioactivity. I'*' labeled 
pooled human serum albumin and gamma 
globulin were prepared in a similar manner 
from commercially available sources of these 
proteins and I'*! labeled glucagon was pre- 
pared from crystalline glucagon.t Assays of 
radioactivity were performed in a well-type 
scintillation counter with sensitivity of 1 x 
10° c/m/puc P84 above a background of 200 
c/m. Sufficient counts were made in all ex- 
periments to reduce the statistical error to 
less than 3%. The general procedure for de- 
termination of insulin-I'*' bound to dia- 
phragm was essentially the same as that em- 
ployed by Stadie e¢ al.(2). Freshly removed 
rat diaphragm was rinsed in cold phosphate 
buffer solution (.04 M_ sodium phosphate, 
.087 M sodium chloride, .005 M magnesium 
chloride, pH 6.8) to remove excess blood. 
Each hemi-diaphragm was used as such or di- 
vided into two parts. The tissues were 
weighed on Roller-Smith balance to the near- 
est mg and were then immersed (zero time) 
for 1 minute in phosphate buffer solution (.04 
M, pH 6.8) containing unlabeled: protein at 
various concentrations and tracer amount of 
I! labeled protein. After 2 preliminary 
washings of 30 seconds each in 25 ml of phos- 


*We are indebted to Drs. O. K. Behrens and 
C. W. Pettinga of Eli Lilly Co. for generous supply 
of crystalline insulin. 

+ We are indebted to Drs. O. K. Behrens and 
C. W. Pettinga of Eli Lilly Co. for generous supply 
of crystalline glucagon lot No. 208-15B-292A. 
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O INSULIN-I!5! 22.0yg/ml 
X ¥ GLOBULIN-I'S!22.0 pg/ml 
0 GLUCAGON-1'5! 7.0 ug/ml 
A ALBUMIN-I'5!10.0 pg/ml 
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FIG. 1. Binding of various I labeled proteins to 
diaphragm and elution on continuous washing. 


phate buffer and 1 washing in 50 ml phos- 
phate buffer, the tissue was assayed for radio- 
activity and was then placed in 50 ml oxyge- 
nated buffer solution at room temperature. 
Subsequent assays for radioactivity were 
made at intervals thereafter. For each assay 
the tissue was transferred to clean test tube 
containing 5 ml buffer solution and counted 
in the well scintillation counter. After each 
assay the tissue was again placed in 50 ml 
buffer solution through which oxygen was 
bubbled continuously. In 2 experiments the 
diaphragm was dried in air for 1 hour prior 
to incubation with insulin-I'*!, and in 2 ex- 
periments diaphragm was immersed in 15% 
formaldehyde for 20 minutes prior to incu- 
bation with insulin-I'*!. In several experi- 
ments a small piece of soft glass replaced the 
diaphragm but the procedure was otherwise 
identical to that outlined above. 


Results. With all ['*" labeled proteins, ra- 
dioactivity “bound” to diaphragm decreased 
significantly for about 1-114 hours (Fig. 1). 
After this time a relative “plateau” was 
reached in which rate of loss of radioactivity 
was variable and did not exceed about 50% / 
hour. In most cases, however, progressive 
diminution in bound radioactivity occurred 
as long as observations were continued. In 
experiments described subsequently, the 
amount present at 114 hours is taken as the 
amount “bound” unless otherwise indicated. 

When concentration of insulin in the initial 
bathing solution was varied, the fraction bound 
to diaphragm showed no consistent correla- 
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TABLE iis Influence of Insulin Concentration in 
Medium on Binding of Insulin by Diaphragm In 
Vitro. 
a 
ug insulin 
bound 
per g tissue 


Insulin eone.in % bound 
medium, ug/ml per g tissue 


09 1.6 007 
30 Taf he 
41 15.6 aay) 
1.6 (het 61 
2.0 2.24 22 
4.0 1.40 .28 
5.6 7.80 2.20 
7.0 17 Xe) 09 
8.1 2.90 1.20 
13.0 2.0 1.50 
15.0 sob 41 
21.6 2.34 2.50 
30.0 4.30 6.40 
30.0 .26 AT 
41.6 SoU 6.90 
70.0 1.50 5.20 
80.1 2.70 10.8 
85.0 21 1.07 
101.6 90 4.60 
142. 1.16 8.20 
198. 3.50 34.6 
282 1.30 18.0 
302 2.28 34.4 
335 238 7.6 
422 1.10 23.2 
485. 1.10 26.5 
502 46 11.6 
700. S81 28.4 
800. 74 29.6 
802. 44 18.0 
1005. 1.98 100. 
1400. 92 64. 
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tion with insulin concentrations in the range 
0.09 - 500 ng/ml but, as a rule, was definitely 
decreased at higher concentrations (Table I). 
Consequently, there was no constant increase 
in absolute amount of insulin bound/g tissue 
with increase in concentration in the lower 
concentration range, nor was there a definite 
limiting value to the amount of bound insulin 
with increase in concentration up to limits 
of solubility of insulin at the pH employed 
(Table I). Such lack of consistency was ob- 
served not only among different experiments 
but frequently also when different pieces of 
the same diaphragm were tested simultane- 
ously (Fig. 2). Variable adsorption to glass- 
ware with loss from bathing solutions was also 
observed at low insulin concentrations and 
was probably responsible for absence of re- 
producible adsorption isotherm; the data for 
binding as given, are expressed in terms of 
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amounts still remaining in solution at begin- 
ning of incubation periods. 

When the diaphragms were immersed in 
solutions containing tracer insulin-I'3! and 
significant concentrations of unlabeled serum 
albumin or gamma _ globulin, radioactivity 
“bound” to diaphragm was strikingly dimin- 
ished (Fig. 3). Similarly the binding of 
tracer albumin-I'*! or y globulin-I"** to dia- 
phragm was inhibited by presence of high 
concentrations of heterologous unlabeled pro- 
teins (Table II). Of the 3 proteins, insulin 
appeared to compete most effectively for the 
binding of all. 


Insulin binding, by air-dried and formalde- 
hyde-treated diaphragms, was no less marked 


than by fresh diaphragm (Table III). 
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FIG. 2. Binding of I'*' labeled insulin to diaphragm 
as function of insulin concentration. For each curve, 
experiments at different concentrations were run 
simultaneously with pieces of the same diaphragm. 
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FIG. 3. Effect of high concentrations of homologous 
and heterologous proteins on binding of I'* labeled 
insulin to diaphragm. 
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TABLE II. Influence of Presence of Homologous 
and Heterologous Carrier Proteins on Binding of 
I Labeled Proteins by Diaphragm In Vitro. 


% labeled pro- 


Labeled Carrier tein bound per 
protein yg/ml protein pg/ml g diaphragm 
Insulin-I"#" O). 0 0 AY) 
o Ike 1,400 1.06 
4, 0 0 1.40 
4, I 2,000 51 
4, A 2,000 81 
4. A 5,000 .60 
4. y-2 2,000 1.85 
4. yg 5,000 80 
Albumin-I** 6. 0 0 58 
6. i 800 36 
20. 0 0 67 
20 i 2,000 25 
10. 0 0 65 
10), A 500 ahO) 
10. A 10,000 30 
10. v2 650 65 
20. y-g 10,000 25 
~yeelop- le A112. 0 0 2.16 
112. I 2,000 1.01 


*T = Insulin; A= Albumin; y-g = y-globulin. 


TABLE III. Binding of Insulin In Vitro by Fresh 
Diaphragms and by Diaphragms Dried in Air or 
Treated with Formaldehyde. 


% insulin in 
medium bound 
per g tissue 
after washing 


Insulin cone. 


inmedium, Condition of 


pg/ml diaphragm Ihr obs 

6 Fresh a 1.40 1.10 
ia b 1.50 1.28 

6 Air-dried, Lhr a 2.40 1.80 

Idem b 230 a 

4 Fresh a 246 ESS 
» b 2.10 1.63 

4 15% formalde- a 


2.08 
hyde-treated, b i 
20 min. 


When pieces of glass instead of rat hemi- 
diaphragm were used, results on binding of 
insulin after one hour washing were quite 
similar to those in experiments with dia- 
phragm, including evidence for a stronger 
competitive inhibitory effect of insulin than 
of y globulin on binding of insulin-I'*! (Table 
IV). However, the degree of inhibition by 
high concentrations of protein was much 
greater than in experiments with diaphragm 
even when the % adsorbed at trace levels was 
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in the same range. In addition, rate of elu- 
tion of both proteins from glass was signifi- 
cantly slower than from diaphragm. 

Discussion. Adsorption of 4 different I? 
labeled proteins to diaphragm has been dem- 
onstrated. Evidence for nonspecificity of this 
adsorption is presented in experiments demon- 
strating inhibition by heterologous proteins 
and by a similar pattern of adsorption ob- 
served with formaldehyde-treated diaphragms 
and diaphragms permitted to deteriorate in 
air. In support are the observations indicat- 
ing adsorption and competitive inhibition on 
a biologically inert material, glass. Serum 
albumin and y globulin are effective competi- 
tive inhibitors for the “binding” of insulin- 
I'3! to isolated rat diaphragm and insulin is 
likewise an effective competitive inhibitor for 
the binding of either albumin-I'*! or y globu- 
lin-]**4; 

It has previously been observed that in- 
sulin-I#°'(4,5) and glucagon-I'*'(7) adsorb 
quite firmly to paper, and that such ad- 
sorption is not significantly inhibited by 
the presence of moderate amounts of se- 
rum proteins but is inhibited competitively 
by the presence of high concentrations 
of homologous proteins. Depending on the 
nature of the binding sites and the reactive 
groups of the specific protein, a greater or 
lesser degree of selection may be observed 
with different adsorbing systems. In the case 
of diaphragm, paper and glass, insulin ap- 
pears to be adsorbed preferentially in the 
presence of several other proteins but the dia- 
phragm is not more selective than the inert 
materials. 

Furthermore, several of our observations on 
insulin binding by fresh diaphragm are in dis- 


TABLE IV. Binding of It Labeled Proteins by 
Glass in Presence and Absence of High Concentra- 
tion of Homologous and Heterologous Proteins. 

pa necesee neon airent ai easel atid ny 


Labeled 
protein 


Carrier % I'* protein 


y-glob.-D™ 1.6 0 0 1.8 
A: 4 es 1,600 25 

Tnsulin-I* 1.0 0 0 4.9 
” * I 1,600 10 
b ~ 0 0 5.8 
; = ys 


10,000 54 


“I= Insulin; +-9 = y-globulin, 
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agreement with those of Stadie and coworkers 
(1,2). We have been unable to demonstrate 
either the permanent fixation of bound in- 
sulin-I**! or a limiting value for bound in- 
sulin-I'*! within the range of solubility of 
insulin. 

It is not the intent of the present report to 
deny that the biologic effects of insulin are 
exerted through combination with some cell- 
fixed enzyme system or substrate compound. 
It is generally accepted that a combination of 
some sort is necessary for a chemical reaction 
between substances to take place. However, 
the present studies do not support the con- 
cept that the binding of insulin-I'*!, observed 
in vitro with isolated rat diaphragm is neces- 
sarily of any physiological significance, or 
that these observations reflect, in any way, 
a biologic process which takes place im vivo. 

If a brief exposure of diaphragm to insulin 
suffices to augment glycogen accumulation on 
subsequent incubation with glucose(1), the 
results of the present study would then sug- 
gest that survival time of the altered state in- 
duced by insulin must persist appreciably be- 
yond the time of reaction with insulin. An 
evaluation of this survival time would appear 
to be of interest. 

Summary. Serum albumin, serum y globu- 
lin, crystalline glucagon and crystalline in- 
sulin were observed to bind to diaphragm in 
vitro and to be eluted slowly on continuous 
washing with buffered solutions. A lack of 
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reproducibility of binding of insulin at low 
concentrations is attributable in part to vari- 
able adsorption to glassware. A definite 
saturation of binding sites on diaphragm was 
not observed at the highest concentrations 
employed. Competitive inhibition was ob- 
served in the presence of heterologous pro- 
teins. Binding capacity was not altered by 
treatment of diaphragms with formaldehyde. 
Binding of insulin by isolated rat diaphragm 
in vitro is not demonstrably of biologic sig- 
nificance but is attributable to nonspecific 
surface adsorption of proteins. 


We are indebted to Melanie Knopf and Depart- 
ment of Medical Illustration for the figures. We 
also wish to thank Carl Bacot for technical assistance, 
and Frieda Steiner and Eve Spelke for secretarial 
assistance. 
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Susceptibility of Inbred Mice to Group A Streptococcal Infection.* (23076) 


Witiiam H. Murpuy, Jr., AND DENNIS W. WATSON 
Department of Bacteriology and Immunology, University of Minnesota, Minneapolis. 


Group A streptococci isolated directly from 
patients often are rich in M protein but aviru- 
lent to mice unless adapted by rapid succes- 
sive transfer(1). This study was undertaken 
to compare susceptibility of mice of diverse 
genetic constitution to infection by represen- 


* Aided by grants from Natl. Inst. of Allergy and 
Infectious Disease and from Natl. Heart Inst., of 
NIH PHs: 


tative group A streptococci. The objective 
of the investigation was to provide a sensitive 
experimental host-parasite system that could 
serve aS a more adequate model for study of 
group A streptococcal infections of man and 
their late sequelae. 

Materials and methods. Inbred mice used 


differed significantly in genetic, anatomic, and 
physiologic constitution(2).  BALB, C58, 
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and a substrain of DBA/2 mice from colonies 
maintained in our laboratory, and BALB/c, 
C57 Black (C57-Bl), and AKR mice from 
Jackson Memorial Laboratory, were 4 to 6 
weeks old when used unless specified other- 
wise. Pen-bred Swiss albino mice, Tumble- 
brook strain, were included for comparative 
purposes. Strains of group A_ streptococci 
grown in Todd-Hewitt brotht at 37°C for 6 
hours were diluted decimally in Todd-Hewitt 
broth maintained at 4°C. Organisms, 0.5 ml, 
inoculated intraperitoneally into test mice, 
observed 3 to 4 months, were quantitated by 
plate counts. The LD; 9 of organisms for 
mice, calculated by the method of Reed and 
Muench(4), was defined as number of or- 
ganisms/0.5 ml of inoculum that killed 50% 
of test mice in 10 days. Not less than 12 
mice were used for each dilution of test or- 
ganism. Group A streptococci recovered from 
mice were typed to assure accurate identifi- 
cation. 


Results. Susceptibility of inbred mice to 
group A streptococcal infection. Selection of 
a strain of Streptococcus pyogenes, type 18, 
to assess susceptibility of mice to infection 
was arbitrary. Table I reveals that test 
strains of inbred mice were extraordinarily 
susceptible to infection; commonly less than 
10 organisms caused death. Because of limi- 


TABLE I. Comparative Susceptibility of Inbred 
Mice to Infection by Streptococcus pyogenes, Type 
18, 


‘ 


Strain of mice* lel DE 


10°:4 
<10" 


Swiss 
BALB 
BALB/e 
C58 

‘57 Black 
AKR 
DBA/2 


* Six-mo-old Swiss mice of both sexes, and 5- to 
6-wk-old male inbred mice were used in this exp. 
The LD;) was defined as No. of organisms/0.5 ml 
of inoculum given intraper. that killed 50% of test 
mice in 10 days. 


t Experience demonstrated that Todd-Hewitt broth 
affected results markedly; freshly made Todd-Hewitt 
broth prepared as described by Massell(3) gave con- 
sistent results. A study of biochemical components of 
Todd-Hewitt broth that limit infectivity of group A 
streptococci for mice is in progress. 
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TABLE II. Influence of Sex and Age on Suscep- 
tibility of Mice to Infection by Streptococcus pyo- 
genes, Type 18. 
re 


Strain Age of 


of mice Sex of mice mice (mo) ILIAD ss 
BALB } 6 <10% 
fe) 6 NOs 52 
gd or Q il <10* 
Swiss 3 3 LOS? 
Q 3 10° 
g and 9 6 TO ae 
” ” ” 1 102-56 
C58 a 6 <a 
fe) 1 oes 
DBA/2 A (opr © 1 ee) 


tations inherent in plate counts and LD;» cal- 
culations the precise minimal number of or- 
ganisms required to kill mice was not ana- 
lyzed. When these survey experiments were 
extended, it was observed that BALB female 
mice survived inocula lethal to males in 24 
hours. The possibility that sex or/and age 
influenced susceptibility of mice to infection 
was explored by comparing susceptibility of 
BALB, Swiss, C58 and DBA/2 mice to infec- 
tion by S. pyogenes, type 18. It is evident from 
Table II that: a) adult BALB females were 
significantly more resistant to infection than 
males, b) both male and female DBA/2 and 
C58 mice were highly susceptible to infection 
and c) both age and sex influenced resistance 
of Swiss mice to infection. BALB male mice 
were used to assay pathogenicity of group A 
streptococci of diverse origin. A total of 4 
strains of S. pyogenes, type 18, were included 
in the test group. The results of this experi- 
ment (Table III) were conclusive: the patho- 
genicity of group A streptococci for inbred 
mice was not general but limited to a specific 
strain of a single serotype; organisms freshly 
isolated from clinical specimens were aviru- 
lent. Host-parasite relationships resulting 
from infection of inbred mice by S. pyogenes, 
type 18. Ideally, animals infected experi- 
mentally should provide a model that reflects 
accurately the host-parasite relationship in 
infections of man. An important feature of 
infection of BALB and C58 mice by Strepto- 
coccus pyogenes, type 18, was the spectrum 
of diseases produced. For example, male 
BALB mice, highly susceptible to infection, 
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TABLE III. Infectivity of Group A Streptococei 
of Diverse Origin for Inbred Male BALB Mice. 


Strain of 
streptococcus Origin of organism LDs. 
Type l Freshly isolated from celini- HOM 

cal streptococcal septicemia 

1-L Mouse adapted strain of 102 
type 1 organisms* 

4-Ase Non-encapsulated strain of >107° 
Streptococcus pyogenes 
known to produce large 
quantities of hyaluroni- 
dase 

12 Stock laboratory strain 

18M Isolated from abscess of HORS 
monkey; passed once in 
Todd-Hewitt broth 

AES 22 Substrain of Type 18 M LOE 
isolated from laboratory 
worker infected acciden- 
tally; passed once in 
Todd-Hewitt broth 

18 Po soubsiran ot siype 18 ye <i10" 
passed once through skin 
of rabbit as described by 
Watson (5) 

18-4397B Stock laboratory strain NOx 

19-1236 Freshly isolated from pa- >10' 


tient with streptococcal 
conjunctivitis ; passed once 
in Todd-Hewitt broth 


28 Stock laboratory strain 


* Kindly sent by Dr. R. Lancefield. 


died without remarkable gross pathologic 
changes. In contrast, adult BALB female 
mice that survived an LD; dose of organisms 
provided a consistent pattern of reaction to 
infection: suppurative lesions formed at the 
site of inoculation or in the extremities, be- 
came necrotic and sloughed. In these mice 
chronic infection persisted for 1 to 4 months 
to eventuate in death in most cases. In a 
small number of cases (1 to 2%) C58 mice 
that survived infection remained asympto- 
matic until the third month after inoculation 
when suppurative lesions occurred in joints 
and limbs. Organisms recovered from BALB 
and C58 mice were identified by cultural and 
serologic tests as Streptococcus pyogenes, 
type 18. Thus, survival of group A strepto- 
cocci in mice for 3 to 4 months was estab- 
lished. Swiss mice that survived infection, 
in distinction to BALB and C58 mice, were 


reews 


not ill at any time nor was there suggestive 
evidence of chronic infection. 

Discussion. An analysis of host-parasite 
relationships is facilitated by the availability 
of a sensitive assay system for factors which 
govern the virulence of an organism or deter- 
mine resistance or susceptibility of the host. 
The finding(6) that inbred mice were highly 
susceptible to infection by an unadapted group 
A streptococcus could be significant since it 
may contribute toward elucidation of the 
complex factors involved in the reaction of 
the host to streptococcal infection. An indi- 
cation of the nature of these factors was sug- 
gested by observation that: a) only a single 
strain of serotypes of group A streptococci 
tested was highly virulent to mice; b) sex 
and age of mice influenced susceptibility to 
infection; c) the genetic constitution of mice 
markedly controlled reaction to virulent or- 
ganisms; and d) latent streptococcal infec- 
tion persisted for 3 to 4 months in C58 mice. 
Denny and Thomas(7) reported survival for 
104 days of group A streptococci in tissues of 
rabbits infected experimentally. The finding 
that group A streptococci could survive for 
relatively long periods of time in mice lends 
credence to the view that latent infection may 
be important in the induction of late sequelae 
to streptococcal infection. 


Summary. Less than 10 organisms of an 
unadapted strain of Streptococcus pyogenes, 
type 18, caused fulminant infection in BALB, 
BALB/c, AKR, DBA/2, C58 and C57 Black 
inbred mice. Pen bred Swiss albino mice 
were significantly more resistant to infec- 
tion. Inbred BALB and C58 mice that 
survived the original inoculum underwent 
latent or chronic infection; organisms were 
recoverable from untreated mice for at 
least 3 to 4 months. Data were obtained 
which revealed that susceptibility of mice to 
infection depended on strain of serotype of 
the organism tested as well as the genetic 
constitution, age and sex of the host. These 
studies demonstrated that a spectrum of dis- 
eases could be produced by employing a 
single strain of Streptococcus pyogenes, type 
18, and different strains of inbred mice. The 
application of these findings to study of strep- 
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tococcal infections and their late sequelae 
was discussed. 
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Ever since Ehrlich first observed that the 
central nervous system could not be stained 
by intravenous injections of acid aniline dyes 
(1), information dealing with the functional 
and structural embryonic development of the 
blood brain barrier has been of considerable 
importance to physiologists. Bakay(2) was 
able to show by use of radioactive P*? that 
embryonic rabbit brain was more permeable 
to this ion than adult brain, and that perme- 
ability to P®* is greatest in early intrauterine 
life but continues to decrease until about 7 
weeks of postnatal development. Grontoft 
(3) perfused human and animal fetuses with 
trypan blue and found the brain normally im- 
permeable to this vital dye. Ten-minute de- 
livered human fetuses 5 to 30 cm long had 
already developed an impermeability to try- 
pan blue. It appears, however, that no one 
has observed penetration of vital dyes into 
the embryonic nervous system in vivo, due to 
the permeability problem of placental barrier 
and the difficulty of injecting embryos di- 
rectly, although Waddington and Carter(4) 
were able to induce abnormalities in mouse 
embryos by injection of trypan blue into preg- 
nant females. 

In this study, an attempt was made to show 
in vivo staining characteristics of the rat em- 


* Assisted by grant from United Cerebral Palsy Fn. 


bryo with trypan blue, and special emphasis 
was placed on development of blood brain 
barrier with respect to developing CNS blood 
vessels. All observations are made in vivo 
with the exception of the youngest rat em- 
bryos (1014 days, about 3 mm), which were 
perfused with trypan blue in Ringer’s Solu- 
tion while the heart was still beating. 


Methods. Four-month-old Wistar female 
rats were used, and exact gestation times were 
determined by vaginal smears. If insemina- 
tion had occurred, the female was separated 
from the male and used for experimentation 
at the appropriate gestation time. An error 
of about 12 hours in embryo age is possible 
with this method. Rat embryos were injected 
intraperitoneally or via amniotic circulation 
with a saturated trypan blue solution. Ges- 
tation ages in litters studied ranged from 10% 
days to birth. Embryos of 10% and 11 days 
were perfused with dye after delivery of the 
fetuses into Ringer’s Solution at 37°C since it 
was extremely difficult to make successful in 
vivo injections in embryos younger than 12 
days. Following injection, these fetuses were 
placed immediately in 10% formalin. All in 
vivo injections were made through the wall 
of the uterus, which was rendered transparent 
with proper illumination. Intravascular in- 
jections of the amniotic circulation were suc- 
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cessful in embryos of 13 days or older: but 
in 12-day-old fetuses, intraperitoneal injec- 
tions of dye were administered. Mico-capil- 
lary pyrex pipettes were used for all injections. 
The pregnant females were prepared under 
ether anesthesia, and the uterine horns were 
exposed. Injections were controlled with oral 
pressure by means of a small rubber-blood 
pipete tube and were visualized under a dis- 
secting microscope. This method was found 
most advantageous since it allowed greatest 
manipulation of the pregnant uterus. Six to 
24 hours after in vivo injections, the embryos 
were delivered, and both injected and control 
embryos were fixed in 10% formalin. Only 
injected embryos that were delivered alive 
and living control embryos of the same litter 
were used for observation. Certain embryos 
were injected directly into the ventricular 
system of the developing brain to demon- 
strate the staining of the nervous system by 
dye not confined to blood vessels. 


Results. Intrauterine injections of trypan 
blue were performed intraperitoneally or in- 
travascularly in 100 rat embryos ranging 
from 10 days to birth. Usually 2 fetuses in a 
litter were injected. Out of the 100 embryos 
injected, 60 were successful; the remaining 
40 died im utero and were not used in this 
study. In 20-day embryos injected on 
nineteenth day of gestation, there was no evi- 
dence of trypan blue in the central nervous 
system following a 24-hour dye equilibrium 
period, although all other organs showed in- 
tense staining with the vital dye. When 
trypan blue was injected into the ventricular 
system of developing brain, there was com- 
plete staining not only of the central nervous 
system but also of the rest of the embryo. 


Trypan-blue injected rat embryos of 17, 
15, and 12 days gave essentially the same re- 
sults (Fig. 1). In each case, trypan blue had 
been administered intraperitoneally 6 hours 
prior to delivery of embryos. Although skin, 
viscera and cerebral vessels showed intense 
staining, there was no evidence of dye pene- 
tration within the central nervous system. In 
12- and 10-day embryos the barrier phenome- 
non appears most distinctly in the developing 
spinal cord; however, it definitely existed in 
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FIG. 1. Fifteen-day-old rat embryo injected with 

trypan blue via amniotic circulation and _ sacrificed 

6 hr after injection. There is no evidence of dye in 

the central nervous system although dye penetrated 
the rest of the body. Scale in mm. 


brain, even though in the earlier embryos 
there was still incomplete closure of the 
neural folds. 

Discussion. ‘The existence of a blood brain 
barrier phenomenon to trypan blue was dem- 
onstrated in this study in rat embryos rang- 
ing in age from the time blood vessels invade 
the brain until birth. Vascular invasion of 
the central nervous system occurs in the 3 
to 4.5 mm rat embryo, which is approximately 
at 10 days of gestation(5). Our observations 
are in agreement with those of Grontoft(3), 
who perfused a great number of animal and 
human fetuses with trypan blue. When he 
perfused fetuses within 45 minutes after sepa- 
ration from the mother, the central nervous 
system remained impermeable to trypan blue. 
It was his belief that as long as the endo- 
thelium of CNS capillaries was intact, the 
central nervous system was impermeable to 
trypan blue. 

Penfield(6) indicated that astrocytes make 
their appearance in the developing central 
nervous system at about the same time that 
blood vessels invade the brain. At birth, 
astrocytes are not well developed and have 
only a few fibrous processes, and it would ap- 
pear that embryonic impermeability to trypan 
blue is unrelated to developing astrocytes but 
rather to vascular endothelium of the cerebral 
blood vessels. In fluorescent dye studies, 
the findings of Rodriguez(7) additionally 
support this hypothesis. It cannot be as- 
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sumed, however, that the mechanisms pre- 
venting all substances from entering the cen- 
tral nervous system are the same as those 
which retard protein-bound dyes. 


Hess(8,9) believes that presence of ground 
substance in the central nervous system is 
necessary for the functional blood brain bar- 
rier. He observed that in neonatal mice and 
several other newborn animals the periodic 
acid Schiff reaction was negative, and he con- 
cluded that the absence of a chemical “ground 
substance” was causally related to the lack 
of blood brain barrier activity. We have ob- 
served that a blood brain barrier toward 
trypan blue definitely exists in neonatal rats. 
Other unpublished observations lead us to be- 
lieve that this is also true in neonatal mice 
and cats. Behnsen(10) observed that areas 
which normally stain with trypan blue in the 
adult mouse were somewhat larger in the neo- 
natal animal, but his findings have been mis- 
interpreted by many investigators as pointing 
to an absence of blood brain barrier activity 
in utero. 


As Bakay(2) points out, it seems that the 
blood brain barrier is not simply a screening 
agent but a complex mechanism which is 
functionally adapted to the needs of the cen- 
tral nervous system. The phenomenon toward 
trypan blue in the rat exists as soon as the 
vessels are laid down in the developing brain, 
but the same mechanism may not act for all 
substances. The selectivity for smaller 
molecular weight substances such as the elec- 
trolytes is decreased as the embryo grows 
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older and might be correlated with neuroglial 
development. 

Summary. Trypan blue injected into de- 
veloping rat embryos (10 days to birth) fails 
to stain the central nervous system. This 
impermeability in the developing central ner- 
vous system exists at the time when blood 
vessels invade the brain. It cannot be as- 
sumed, however, that the mechanisms which 
prevent protein-bound dyes from penetrating 
the cerebral blood vessels are the same for 
all other substances. 


The authors wish to thank Doctor Robert Tschirgi 
for his criticisms of the manuscript and Mrs. Joan 
Crow for technical assistance. 
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The high concentration of serotonin (5- 
hydroxytryptamine, 5-HT) in malignant car- 
cinoids accounts, at least in part, for the strik- 
ing symptoms often experienced by patients 
with this disease(1,2,3). Serotonin is formed 
by ring-oxidation and subsequent decarboxy- 
lation of tryptophane, a pathway that con- 
sumes as much as 60% of dietary trypto- 
phane in carcinoid patients compared with 
1% in normal individuals(4,5). Another 
pharmacologically active compound, chro- 
matographically distinct from serotonin, but 
as yet unidentified, has been obtained from 
malignant carcinoids(6,7,8). In this work, 
we have measured both the serotonin content 
and the activity of 5-hydroxytryptophane de- 
carboxylase in a benign appendiceal carcinoid, 
and at the same time searched for other phar- 
macologically active compounds in this tu- 
mor. 

Methods. The appendix was removed rou- 
tinely during a pelvic laparotomy on a 48- 
year-old white housewife. At tip of the ap- 
pendix, the mucosa and sub-mucosa were re- 
placed by firm, grayish yellow tissue which 
was identified microscopically as an argentaf- 
fin-staining carcinoid tumor. The fibro- 
muscular coat of the appendix was dissected 
free from the carcinoid. The tan mucosa of a 
grossly and microscopically normal appendix 
was dissected from the underlying muscular 
coat and used as control material. 5-hydroxy- 
tryptophane decarboxylase activity in a por- 
tion (150 mg) of both appendiceal tissues 
was estimated by a method reported earlier 
(9). The remainder of the carcinoid (210 
mg) was extracted with 95% acetone and 
petroleum ether and taken to dryness im vacuo 
(10). Both the extract and residue were 
kept at —-15°C until analyzed. Similarly, 


* Aided by a grant from N. Inst. of Health. 
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blood drawn from the antecubital vein of the 
patient after removal of the appendix was ex- 
tracted with acetone and dried. The residue 
remaining after acetone extraction of the car- 
cinoid was extracted with 0.2 N HCl(7) and 
taken to dryness. Hereafter in the text, this 
is referred to as the “acid extract.” Bioas- 
says for serotonin were carried out on the 
heart of Venus mercenaria,+ on the rat’s uter- 
us, in estrus, and on the ileum of the guinea 
pig. Each biological indicator was suspended 
in a 4 ml overflow bath with a constant flow of 
air. The heart of Venus mercenaria(11) was 
bathed in a nutrient medium previously de- 
scribed(12), to which was added benzoqui- 
nonium chloride (6 mg/l) to block the in- 
hibitory effect of esters of choline. Uteri 
from rats treated with stilbestrol (100 pg/ 
100 g) on the preceding day were placed in 
de Jalon’s solution with atropine sulfate 
(1 mg/l). Substance P, kindly presented by 
Dr. T. B. B. Crawford of Edinburgh, was 
used as a reference substance in tests on the 
ileum, suspended in Tyrode’s solution con- 
taining 0.1 mg of atropine sulfate and 1 mg 
of mepyramine maleate per liter. Ascending 
paper chromatography in isopropanol and 
0.1 N HCl (7:3), was carried out on acetone 
soluble extracts in 8% aqueous NaCl, and in 
the upper layer of a system containing n- 
butanol, glacial acetic acid, and water 
(4:1:5). A solution of the acetone insoluble 
material in 0.1 N HCl was chromatographed 
by using the first mentioned solvent mixture. 
After drying, the papers were cut into pieces, 
each corresponding to 1/30th of the whole 
migration length, eluted with NaCl, and the 
eluates were tested on Venus hearts. In ad- 
dition, guinea pig ileum was employed for 
testing all isopropanol papers, and in the case 
of the acetone-insoluble part, rat uterus also 


t We are indebted to Dr. V. L. Loosanoff, U. S. 
Fish and Wildlife Service, Milford, Conn. for supply- 
ing us with Venus mercenaria. 
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TABLE I. Serotonin-Forming Activity of Car- 
cinoid and ‘‘Normal’’ Tissue. 
5-Hydroxy- 
tryptophane 
decarboxylase Serotonin 
activity* (ug in fresh 
5-HT formed tissue 
Tissue pergperhr) (ug per g) 
Appendiceal carcinoid 840 952 
Normal appendiceal tissue 23 i 


*In terms of serotonin formed from 4 X 10+ 
M 5-hydroxytryptophane under the standard con- 
ditions established by Gaddum and Giarman(9). 


was used. Not only were the paper strips ex- 
amined for fluorescent material(13) but also 
the extracts were examined for their fluores- 
cence characteristics in an Aminco-Bowman 
Spectrophotofluorometer. The extracts and 
standard materials were examined routinely 
in a 0.1 N HCl-medium. In some cases the 
fluorescence spectrum in 0.1 WV HCl was com- 
pared with that in a 3 N HCl, because acti- 
vation of serotonin, at 295 my in dilute acid 
results in a peak fluorescence emission at 330 
my, while this shifts to 550 mp in 3 N HCl 
(14). 

Results. Table I shows the comparison 
between natural serotonin content and sero- 
tonin-forming capacity of each tissue. Thus, 
it is clear that the carcinoid contained nearly 
1000 times as much serotonin as normal ap- 
pendiceal tissue, and had about 35 times the 
capacity of the normal appendix to form 
serotonin. 

After surgery the blood of the patient con- 
tained 3.7 wg of serotonin per 100 ml, a value 
within the wide range of normal values ob- 
tained in this laboratory(15). A 24-hour 
sample of urine, obtained 2 days post-opera- 
tively, gave a negative test for carcinoid, as 
determined by the urinary level of 5-hydroxy- 
indole acetic acid(4). 

Lysergic acid diethylamide (LSD-25), 
which specifically inhibits the stimulatory ef- 
fect of serotonoin on the uterus of the rat (16) 
completely blocked the effect of the acetone 
extract of the carcinoid on this preparation. 
On both the clam heart and the guinea pig 
ileum there was only one spot of activity on 
paper strips developed with the 3 solvent sys- 
tems and this spot corresponded to the Ry 
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values of a sample of serotonin, chromato; 
graphed concomitantly, either separately or 
mixed with the extract. Bufotenine (dime- 
thylserotonin hydrochloride) migrated faster 
in all solvent systems and differed qualita- 
tively from serotonin and the extract in its 
action on the clam heart and showed a persis- 
tent effect in contrast with the evanescent ef- 
fects of serotonin and the extract. Only the 
pharmacologically active area of the paper on 
which the extract was chromatographed 
showed fluorescence. Similarly, the acid ex- 
tract of the carcinoid showed activity on the 
heart, uterus, and ileum, and the Ry values 
of the active spots corresponded to the R¢ 
values of serotonin. The acid extract showed 
no bufotenine-like activity on the clam heart. 
LSD-25 prevented response of the uterus to 
the acid extract. 


Spectrophotofluorometric studies indicated 
that serotonin was present in both the acetone 
and acid extracts of the carcinoid and of the 
normal appendix. Other fluorescent ma- 
terials, probably not indoles, were found in 
the acid extracts. Table II summarizes these 
data. 


Discussion. It is now a well established 
fact that carcinoid tumors contain relatively 
massive concentrations of serotonin(6,7,8). 
We have obtained data to substantiate this 
and have shown further, by direct estimation, 
that the increase in serotonin parallels an aug- 
mented capacity of the tissue to decarboxy- 
late 5-hydroxytryptophane. This agrees with 
the previous finding that carcinoid tissue was 


TABLE IT. Spectrophotofluorometrie Characteris- 
tics of Extracts of a Carcinoid Tumor. 


-—Peak fluorescence (mu) 


0.1N HCl 3 N HCl 
Activation wave- 
length (mg) 295 310 325 295 
Substance studied 
Serotonin 330 . . 550 
Careinoid 
Acetone extract 330 550 
Acid extract* 330 630 670 550 
Normal appendix 
Acetone extract 330 550. 
Acid extract* 330 650 550 


* Of acetone insoluble portion. 
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more active than kidney cortex and _ liver 
in decarboxylating 5-hydroxytryptophane 
(17). That the blood levels of serotonin and 
the urinary levels of 5-hydroxyindole acetic 
acid were in the normal range post-operatively 
in the case described indicates that the tumor 
removed was the primary one and that meta- 
stases retaining the capacity to form serotonin 
are not likely to have been present. 

Of special interest have been the reports by 
Lembeck that carcinoids contained, in addi- 
tion to serotonin, a second pharmacologically 
active substance, which was not identical with 
substance P(6,7,8). However, study failed 
to reveal a second substance, and all the phar- 
macological effects and fluorescence charac- 
teristics of our extracts could be attributed to 
their content of serotonin. It is important to 
point out in this connection that not all the 
carcinoids studied by Lembeck were found to 
contain the second active substance. It would 
seem worthwhile to continue to seek such a 
substance in other carcinoids. 

Summary. The pharmacological activity 
and fluorescence characteristics of extracts of 
an appendiceal carcinoid tumor could be ac- 
counted for entirely by its serotonin content. 
The amount of serotonin in the carcinoid tis- 
sue was about 1000 times that of normal tis- 
sue, and its enzymatic ability to form sero- 
tonin from 5-hydroxytryptophane was about 
35 times that of normal human appendiceal 
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tissue. 
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Effects of Induced States on Tissue Lysozyme Activity.*t+ (23079) 


GERALD LITWACK 
Department of Agricultural Biochemistry, Rutgers, State University, New Brunswick, N. J. 


To establish a model system for studies of 
protein biosynthesis as it may be affected by 
hormonal conditions, experiments to test pos- 
sible alteration in activity of tissue lysozymes 
in various hormonal states were undertaken. 
Although it has been observed that ACTH 
therapy produced a marked fall in fecal ly- 
sozyme coinciding with clinical improvement 
of ulcerative colitis(1) and that intravenous 
administration of insulin also caused a de- 
crease in total output of the enzyme in gas- 
tric juice(2), no reports have been seen to 
indicate the possible role of hormones in con- 
trolling in vivo levels of tissue anti-bacterial 
enzymes. 

Methods. The experimental animals, ob- 
tained from the Charles River Breeding Lab- 
oratories and of the Sprague-Dawley strain 
were males, weighing between 50-75 g. Hy- 
pophysectomy was carried out at 50 days of 
age and the animals were received at 52 days 
of age at which time each rat was injected 
with 5000 units of penicillin G (Squibb). 
Hypophysectomy was confirmed by adrenal 
weights at term and examination of the sella 
turcica. Animals were housed individually in 
screen-bottom cages and received diet and 
water ad libitum. Diet consisted of the fol- 
lowing: lactalbumin (Labco, Borden Co.) 
30%; vitamin mix(3) 2%; sucrose, 58%; 
Salts IV(4), 4%; corn oil, 5%; and fat sol- 
uble vitamins, 1% (Nopco Chemical Co. A 
and D concentrate and cod liver oil; 300 I.U. 


* This investigation was supported in part by re- 
search grant from Nat. Inst. of Allergy and Infec- 
tious Diseases, P.H.S. Paper of Journal Series of 
N. J. Agri. Exp. Station, Rutgers Univ., State Univ. 
of N. J., New Brunswick. 

+ The following abbreviations will be used: GH 
(growth hormone); ACTH  (adrenocorticotropic 
hormone) ; HYPOX (Hypophysectomy or hypophy- 
sectomized). 

} The author is indebted to Dr. S. L. Steelman of 
Armour and Co. for a gift of beef GH. The technical 
assistance of Miss Sarah W. Perry in some of the 
enzyme assays is gratefully acknowledged. 


vit. D/g, 2250 U.S.P. units vit. A/g). Food 
consumption was determined on alternate 
days by weight loss in food cups where little 
or no spillage occurred. Beef GH (Armour), 
lot M-108 (activity = 75% of Armour stand- 
ard + 0.15 U.S.P. unit/g of thyrotropic 
hormone contaminant) was administered as 
follows: 0.2 mg dissolved in 0.1 ml 0.85% 
NaCl was injected daily by intraperitoneal 
route. ACTH (Upjohn) was dissolved in 
physiological saline and 1 U.S.P. unit in 0.1 
ml solution was injected intraperitoneally 
each day. Thyroid concentrate (E. Lilly; 
lot Z-3096; 0.17-0.23% iodine) was adminis- 
tered orally as 1% of diet. Adrenal weights 
were taken after the fresh glands were teased 
free of surrounding tissue and blotted. The 
following tissues were excised, individually 
wrapped in foil and placed in freezer: liver, 
lung, spleen, kidney and intestine (from py- 
loric valve to the cecum). Previous washing 
of the intestinal lumen caused a loss of about 
5% of total enzyme activity of this portion, 
therefore no washing was attempted. The 
enzyme activity in 30 cm segments of the 
tract, caudad from the pyloric valve, demon- 
strated a different pattern in the growing rat 
compared to the adult rat; therefore the en- 
tire segment from pylorus to cecum was homo- 
genized for the enzyme assay. Lysozyme ac- 
tivity was determined by previously described 
photometric method(5) using Micrococcus 
lysodeikticus as substrate prepared according 
to Litwack and Pramer(6). Tissue nitrogen 
was determined with the Folin-Ciocalteu re- 
agent essentially as described by Lowry, et ai. 
(7) and Oyama and Eagle(8). A nitrogen 
value is obtained by converting the Folin 
color which has been standardized with a tis- 
sue preparation whose Kjeldahl nitrogen value 
had also been determined. Linearity between 
the Folin color and Kjeldahl nitrogen content 
was obtained. Optical density values were 
read at 660 my to 0.4. Lysozyme specific ac- 
tivity is defined as yg equivalent of crystalline 
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TABLE I. Effects of Induced States on Tissue Lysozyme Activity.* 


No. -——— _ Lysozyme specific activity (ug EEWLt/mg N) ——— 

Group animals Liver Lung Intestine Kidney Spleen 

Normal control u BSE O84 9 14845 87215 8724 

HYPOX 11 12.0 + 5.3 122 + 13 1S. 2) ats 9) UGG a2 1% 34.6 + 5 

, + ACTH 12 Do se 17 W085 15.2 + 4 Uebl ae aly 39.8 + 3 

+ GH 9 estes tay 96+ 7 15.244 WI) aos 5) 38.6 + 3 

* Animals on exp. 25 to 28 days. t EEWL — equivalent to erystalline egg white lysozyme. 
Sd*/n =a 
t Stand. error of mean — V ee 

Vu 
egg white lysozyme (Armour) taken from a centrated(5). Upon HYPOX the SA of the 


standard curve(5)/mg tissue Folin nitrogen 
(ug EEWL/mg N). At the time of analysis, 
the tissues were thawed’ for 30 min. at 5°C, 
teased free of surrounding tissues, blotted and 
weighed. Homogenates were made by grind- 
ing in 5 volumes of cold distilled water added 
to the tissue. These were diluted 10 times for 
enzyme and nitrogen determinations at 25°C. 
Each extract was assayed with an accuracy of 
+ 0.2% transmission/30 sec.(5). This ac- 
curacy was always duplicated within 2 to 3 
determinations. All enzyme activities were 
made using the same sample of dried M. lyso- 
deikticus cells. (A% transmission/30 sec. of 
1.6 is equivalent to 5 ug of Armour egg white 
lysozyme.) Experiments were carried out in 
2 durations, the first for 25 to 28 days and the 
second from 8 to 12 days. 

Results. Growth data under various hor- 
monal conditions were in agreement with 
those reported by Chow and Greep(9) who 
used a similar diet. Table I shows the results 
of a long-term experiment in which tissue ly- 
sozyme activity is reported as specific activ- 
ity (SA). Measurements of SA show a re- 
markable consistency in the spleen regardless 
of the hormonal condition of the animal. Av- 
erage body weights of animals at completion 
of the experiment were as follows: Normal, 
248 + 5 g (standard error of mean); 
HYPOX, 72 + 4 g; HYPOX +. ACTH, 
80 + 3 g and HYPOX + GH, 130 + 4 g. 
The liver, lung and intestine also remain con- 
stant in the various groups. The most strik- 
ing changes of the tissues tested occur in the 
kidney where the enzyme is most heavily con- 


§ No loss in activity was experienced before and 
after freezing regardless of storage time. 


enzyme is doubled even though the animals’ 
body weight has failed to increase by about 
75%. ACTH does not significantly alter this 
change, but GH has a slight depressing effect 
upon the enzyme SA. In the case of the kid- 
ney enzyme, a marked relationship of control 
through “capping” the enzyme activity via 
pituitary secretion appears to exist. The de- 
pressing effect of GH may be significant but 
since depression is not accomplished to the 
level of the untreated control, it is likely that 
other factors play a role in controlling the 
kidney enzyme SA. 


A second short term experiment is shown 
in Table II. A study of the effects of thyroid 
hormone was necessary to establish if the thy- 
rotropic hormone contaminant of GH was 
playing a part in the observed depression of 
enzyme SA. This experiment confirms the 
marked rise in kidney enzyme SA after 8 days 
of HYPOX. Levels of SA of lysozyme in 
liver, lung, intestine and spleen were constant 
in untreated and HYPOX animals. The ef- 
fects of the thyroid hormone are great, espe- 
cially upon the liver, lung, intestinal and kid- 
ney enzymes. When the unoperated animals 
received thyroid for 8 days, SA of the enzyme 
of all tissues except the spleen were reduced 
up to 50%. When the HYPOX group was 
treated with thyroid, a similar reduction in 
SA followed. The superimposed thyroid 
stress upon HYPOX reduced SA of the kid- 
ney enzyme to a value slightly below that ob- 
served in untreated control. When the 
changes in body weight are considered these 
differences appear to be greater. Average 
body weight of each group at termination of 
the experiment was: Normal, 157 g; HY- 
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TABLE II. Effects of Hypophysectomy and Thyroid Hormone on Tissue Lysozyme Activity.* 


a 
— Lysozyme specific activity (ug EEWLt/mg N) ————— 


No. ene : ; 

Group animals Liver Lung Intestine Kidney Spleen 
— : > a5 

Normal control 4 5.38 (1-12)t 141 (81-190) 32 (11-66) 108( 92-131) 47 (39 5 
Idem + 1% thyroid 3 2.7 (2.6—4) 98 (85-105) 16 (11-21) 59 ( 48- 66) 40 (36-45) 
HYPOX 5 9.3 (4-18) 137(74-192) 20 ( 5-36) 155 (108-190) 47 (25-68) 
i + 1% thyroid 7 3.8 (1-11) 109 (91-126) 6.7( 3-29) 87 ( 65-120) 43 (24-61) 
* Animals on exp. 8-12 days. + EEWL = equivalent to crystalline egg white lysozyme. t Range. 


POX, 82 g; HYPOX - thyroid, 67 g; and 
normal + thyroid, 118 g. Decreased weights 
due to thyroid stress were accompanied by 
decreased food intake. It appears, however, 
that this factor was not important in reduc- 
tion of tissue enzyme SA because the liver 
xanthine oxidase activity(10,11) of these ani- 
mals was tested and was not reduced when 
thyroid was given to normal animals. 


Discussion. Increased SA of kidney lyso- 
zyme after hypophysectomy suggests that the 
anterior pituitary may control the SA of the 
kidney enzyme. It seems likely that thyro- 
tropic hormone would play a large indirect 
role. The further slight suppressive effect of 
GH suggests that GH may play a part in this 
suppression. ACTH does not alter lysozyme 
activity in uninfected tissues, as found in ul- 
cerative colitis(1). The “capping” effect of 
an acidic short chain peptide which could en- 
ter a kidney cell and inactivate the cytoplas- 
mic lysozyme is an attractive hypothesis to 
explain the hypophysectomized effect. Sev- 
eral questions are raised as a result of these 
experiments, primarily, role of the kidney as 
a depository for the enzyme. Since the kid- 
ney appears to accumulate the greatest tissue 
activity of the enzyme, it may be that the 
kidney promotes a highly active synthesis of 
lysozyme. ‘This possibility is being investi- 
gated. It is known, however, that lysozyme 
also circulates in blood(5,12). It is interest- 
ing to reflect that the data reported here 
demonstrate a remarkable consistency of the 
spleen SA. It might be suggested that the en- 
zyme could be formed by the spleen and cir- 
culated to tissues which accumulate it, analo- 
gous, perhaps, to a hormone secretion where a 
concentration gradient is maintained between 
the blood stream and the concentrating. tis- 
sues. 


The effect of inhibition by thyroid hormone 
of kidney lysozyme SA and SA of other tis- 
sues occurs in untreated or HYPOX animals 
and is very pronounced. Fraenkel-Conrat 
(13) has demonstrated that lysozyme binds 
iodine which results in reversible inactivation. 
It was concluded that the imidazole group 
participated in the reaction. It seems pos- 
sible that the thyroid hormone might bind 
lysozyme although why the kidney would ap- 
pear as the main target tissue remains a 
problem. It has been shown that the action 
of some factors, such as insulin, in decreasing 
the titer of lysozyme, do so by binding the 
enzyme and in some cases precipitating it 
(14). If it may be assumed that kidney ly- 
sozyme is also in the bound form, the measur- 
able activity of the tissue is due to the free 
form of the enzyme which becomes disso- 
ciated because of effects of various factors, in 
this case hormonal effects, upon association 
of the enzyme. One could then view hypo- 
physectomy as having a “dissociating” effect 
and thyroid hormone as having a depressing 
or “associating” effect. In this regard it is 
of interest that Smith and Dubos(15) have 
reported that thyroxine treatment “interfered 
with the bactericidal mechanism in the liver, 
spleen and kidneys of mice during the initial 
phase of infection.” In addition, they found 
that thyroid extract or dinitrophenol were in- 
active in causing the infecting organisms 
(staphylococci) to multiply more rapidly in 
the various organs. 


Summary. 1. In growing rats, hypophy- 
sectomy has been shown to significantly in- 
crease the level of kidney lysozyme specific 
activity(SA) up to 2-fold. Other tissues, par- 
ticularly the spleen, show constant SA re- 
gardless of hormonal condition of the ani- 
mal. 2. Thyroid has a marked depressing 
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effect upon kidney lysozyme SA when given 
to either untreated or hypophysectomized 
growing animals. 
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Development and Serial Cell-Free Passage of a Highly Potent Strain of 


Mouse Leukemia Virus.* 


(23080) 


LupWIK Gross 
Cancer Research Unit, Veterans Administration Hospital, Bronx, New York City. 


After it was found that filtered extracts 
prepared from tissues of leukemic Ak or C58 
mice may induce leukemia following inocula- 
tion into newborn mice of a susceptible strain 
(1-4), it became apparent that the results of 
individual experiments may vary to a consid- 
erable degree, depending on the particular 
extract used. Of 70 filtrates tested, each pre- 
pared from a different donor, 18 were found 
completely inactive(5). Similar observations 
were made by Woolley(6). Furthermore, ex- 
tracts prepared from C3H mice in which leu- 
kemia had been induced with cell-free Ak leu- 
kemic agent, proved more active than those 
prepared from Ak mice with spontaneous leu- 
kemia(4-5). It appeared reasonable to as- 
sume, therefore, that selecting a particularly 
active extract and passing the agent through 
several successive newborn hosts, may even- 
tually result in a strain of leukemic virus of 
high potency(5,7). To find a potent extract, 
groups of litters of newborn C3H mice were 


* Aided, in part, by grants from Damon Runyon 
Memorial Fund, and Am. Cancer Soc. 


inoculated with cell-free leukemic extracts 
prepared from different donors. Among in- 
oculated mice, those developing leukemia at 
earliest date were then used as donors for 
preparation of new cell-free extracts, which 
were inoculated into newborn mice. The first 
mice developing leukemia were used as donors 
for preparation of new cell-free extracts, which 
were inoculated into newborn mice, etc. A 
number of different passage-strains of leu- 
kemic agents were thus obtained. Of the leu- 
kemic passage-strains developed during these 
experiments, the one here reported and desig- 
nated “passage A” proved to be highly patho- 
genic. Filtered extracts prepared from the 
last few passages of this agent induced acute, 
generalized, lymphatic leukemia in most of 
the inoculated mice after only 344 months. 
Furthermore, extracts containing the passage 
virus could be preserved by lyophilization, or 
simply by freezing in carbon dioxide ice at 
~70°C in sealed ampoules without apparent 
loss of activity. 


Methods. Preparation of leukemic extracts. 


e 
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From mice with advanced leukemia, parts of 
liver, spleen, mediastinal and mesenteric tu- 
mors, and peripheral lymph nodes, were re- 
moved aseptically, weighed, ground in mortar 
with sterile physiological saline added to ob- 
tain 20% concentration, centrifuged at 0°C, 
first at 3000 rpm (1400 x g), for 15 minutes, 
then at 9500 rpm (7000 x g), for 5 to 10 min- 
utes; the final supernate was used for inocu- 
lation. In experiments in which a filtrate was 
to be inoculated, approximately 10 ml of the 
9,500 rpm supernate was mixed with 0.5 ml 
of 1:2000 dilution of fresh broth culture of &. 
coli, passed through Selas, porosity 02 or 03, 
porcelain filter candle, and the filtrate then 
inoculated into newborn mice (in each in- 
stance the filter candle retained £. coli). In 
a few experiments the 9,500 rpm supernate, 
or the filtrate, were centrifuged in Spinco L 
ultracentrifuge at 40,000 rpm (144,000 x g) 
for a few minutes to 3 hours, to concentrate 
the virus; the resuspended sediment pellet 
was then used for inoculation. In one ex- 
periment (fourth passage), blood plasma of 
the leukemic donor was used for preparation 
of the extract. All extracts were kept at 0°C, 
and injected within 48 hours. Test animals. 
Newborn C3H, or foster nursed C3H(f) 
mice, both of Bittner substrain(4), were used 
for inoculations. Most animals were <12 
hours, many <6 hours, none >16 hours old, 
at time of inoculation. Those mice that died 
when less than 2 months old were not in- 
cluded in the tabulation; this concerns par- 
ticularly the mortality, usually, however, not 
exceeding 25%, occurring among infant mice 
within hours or days after inoculation. 


Results. Serial, cell-free passage of the 
leukemic agent from host to host. Only a 
cell-free passage, consisting of successful 
transmission of the leukemic agent from host 
to host, inoculating either a centrifuged or fil- 
tered extract, was considered a consecutive 
“passage,” and given a passage number. In 
one instance, when after the fifth passage new- 
born mice were not immediately available for 
inoculation, yet the donor had to be sacri- 
ficed, leukemia was carried for 3 successive 
transplantations by intraperitoneal  cell- 
grafts into adult hosts of the same C3H in- 
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bred line; such cell-transfer, however, was, 
considered to be within the same passage, and 


was designated by the same passage number, 
ie. “passage 5-a,” “5-b” and “5-c.” Only 
succeeding cell-free transfer was then desig- 
nated “6th passage.” This procedure was 
adopted because it appeared questionable 
whether cell-transfer would increase, or even 
sustain, the infective potency of the leukemic 
agent. Transplantations were carried out at 
a time when sufficient information was not 
yet available to suggest that the leukemic 
agent could be preserved by freezing at 
-70°C, 

Origin of the leukemic virus strain. <A 
breeding female mouse No. 557 of the Ak-n 
strain of our colony, which developed spon- 
taneously lymphatic leukemia at 7'2 months 
of age, was sacrificed; liver, spleen, mesen- 
teric and mediastinal tumors, removed asep- 
tically, were ground, with physiological saline 
solution added to make a cell suspension of 
20% concentration. This cell suspension was 
then centrifuged at 3,000 rpm for 15 minutes, 
and the supernate was dry-frozen. 


First passage. The lyophilized extract was 
preserved in a sealed ampoule in refrigerator 
at 4°C for 5% months. The content of the 
ampoule was then resuspended in 2 ml of 
sterile physiological saline, and inoculated 
into a newborn C3H litter consisting of 3 
females and 4 males. All 3 females developed 
generalized leukemia at 4% to 5% months 
of age; of the 4 inoculated males, 3 developed 
leukemia at 4%, 5% and 10% months of 
age, and 1 died at 10% months with no evi- 


dence of tumors or leukemia. 


Second passage. One of the leukemic fe- 
males from the preceding experiment served 
as donor for preparation of an extract. The 
leukemic cell suspension was centrifuged first 
at 3,000 rpm for 15 minutes, then at 9,500 
rpm for 10 minutes. The second supernate 
was centrifuged in Spinco Model L Ultracen- 
trifuge (rotor No. 40) at 40,000 rpm (144, 
000 x g) for 90 minutes. The sediment pellet 
from final centrifugation resuspended in 2 ml 
of sterile physiological saline, was inoculated 
into a newborn C3H(f) litter consisting of 2 
females and 1 male. All 3 inoculated mice de- 
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veloped generalized leukemia after 114 to 
3% months. 


Third passage. One of the leukemic fe- 
males from the preceding passage was used as 
donor. The leukemic cell suspension was first 
centrifuged at 3,000 rpm for 15 minutes, then 
at 9,500 rpm for 10 minutes. The second 
supernate was then centrifuged in Spinco 
Ultracentrifuge for 3 hours at 40,000 rpm 
(144,000 x g); the sediment pellet from final 
centrifugation was resuspended in 2 ml of 
physiological saline solution and inoculated 
into 5 newborn C3H males: 2 developed leu- 
kemia at 6 and 7% months of age respec- 
tively; of the remaining 3 mice, 1 died when 
4 months old and 2 at 17 months without 
signs of either tumors or leukemia. 


Fourth passage. From a leukemic male 
from the preceding passage, in ether anes- 
thesia, 0.5 ml of blood was removed directly 
from heart and immediately diluted with 7 ml 
of physiological saline solution containing a 
few drops of heparin (the 1% stock solution 
of Upjohn heparin was prepared without phe- 
nol preservative). The diluted blood was cen- 
trifuged at 3,000 rpm for 10 minutes, and the 
supernate then centrifuged at 9,500 rpm for 
10 minutes. The second supernate, desig- 
nated “plasma,” was inoculated into 7 new- 
born C3H mice; of these, 3 developed leu- 
kemia at 5 to 6 months of age, 3 other mice 
developed bilateral parotid gland carcinomas 
at 4 to 7'4 months of age, and 1 died without 
signs of either tumors or leukemia at 6% 
months of age. 

Fifth passage. One of the leukemic mice 
from the preceding passage was used as donor. 
A leukemic cell suspension prepared from 
mediastinal tumor, liver, spleen, and _peri- 
pheral glands, was centrifuged at 3,000 rpm 
for 15 minutes and then at 9,500 rpm for 5 
minutes. The final supernate was inoculated 
into 5 newborn C3H mice. All developed gen- 
eralized leukemia at 3 to 7 months of age. 

Sixth passage. The fifth passage leukemia 
was carried by cell-graft through 3 successive 
transplantations into adult C3H mice. The 
leukemic C3H mouse from the third trans- 
plantation was then used as donor from which 
a leukemic cell suspension was prepared. 
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After centrifugation at 3,000 rpm for 15 min- 
utes, then at 9,500 rpm for 10 minutes, part 
of the final supernate was passed through 
Selas, porosity 02, filter candle. Three new- 
born C3H mice were inoculated with the fil- 
trate and all developed leukemia at 3 months 
of age. Nine newborn mice (3 litters) were 
inoculated with the 9,500 rpm supernate; 8 
developed leukemia at 2%4 to 614 months of 
age, and 1 is still in good health at 8 months 
of age. 

Seventh passage. One of the leukemic 
males from the sixth passage with filtrate- 
induced leukemia was used as donor; liver, 
spleen and mesenteric tumor were ground, 
and centrifuged at 3,000 rpm for 15 minutes, 
then at 9,500 rpm for 5 minutes. Part of the 
final supernate was passed through a Selas, 
porosity 02, filter candle. Six C3H litters 
were inoculated as follows: 19 newborn mice 
were inoculated with the filtrate, (13 subcut., 
2 intraper. and 4 intracran.) and all devel- 
oped leukemia at 2%4 to 3%4 months of age. 
Seven newborn mice were inoculated subcu- 
taneously with the 9,500 rpm supernate, and 
all developed leukemia at 3 months of age. 


Alternate seventh passage. Two leukemic 
females from the sixth passage were used as 
donors. Leukemic cell suspensions, prepared 
separately, were centrifuged at 3,000 rpm for 
15 minutes, then at 9,500 rpm for 10 minutes. 
Part of the second supernate was passed 
through Selas, porosity 02, filter candles. 
Two extracts were prepared. The first ex- 
tract was inoculated into 2 C3H litters, as 
follows: 2 newborn C3H mice were inoculated 
with the 9,500 rpm supernate, and both de- 
veloped leukemia at 1 month of age. Five 
newborn C3H mice were inoculated with the 
filtrate, and all developed leukemia (2 at 2 
months, 1 at 3, and the remaining 2 at 5 and 
5% months of age). The second extract, a 
filtrate, was inoculated into 3 newborn C3H 
mice, and all developed leukemia at 2% 
months of age. 

Eighth passage. Several extracts have been 
recently prepared from seventh-passage-don- 
ors, and inoculated into newborn C3H mice. 
Only one of these experiments has been com- 
pleted: an extract prepared from a 2-month- 
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old leukemic female of the preceding passage 
was centrifuged at 3,000 rpm for 15 minutes, 
then at 9,500 rpm for 5 minutes. The 
final supernate was inoculated into 13 new- 
born C3H mice (5 litters), and all developed 
leukemia at 3 to 344 months of age. 


Preservation of leukemic agent at —70°C. 
Leukemic cell suspensions prepared in the 
usual manner from livers, spleen, mesenteric 
and mediastinal tumors from leukemic donors 
were placed in glass ampoules; after sealing, 
the glass ampoules were quickly frozen in car- 
bon dioxide ice, then placed in metal boxes 
surrounded by blocks of carbon dioxide ice in 
an ice chest, and preserved at —70°C. The 
extracts proved active after preservation at 
—70°C for periods tested thus far up to 
414 months. Defrosted and inoculated into 
newborn C3H mice, such extracts induced 
either leukemia, parotid gland tumors, 
and/or subcutaneous sarcomas, with no 
appreciable prolongation in latency period. 
The following experiment will serve as 
an example: On Apr. 18, 1956, a 9%- 
month-old Ak female, No. 189, which de- 
veloped spontaneous leukemia, was. sacri- 
ficed, and from leukemic organs a cell suspen- 
sion of 20% concentration was prepared, then 
placed in an ampoule, sealed, and frozen at 
—70°C. After 53 days, the ampoule was re- 
moved and defrosted in tap water within a 
few minutes. The ampoule was then opened, 
its contents aspirated with syringe, placed in 
centrifuge tube, and centrifuged at 3,000 rpm 
for 15 minutes and then at 9,500 rpm for 5 
minutes. The second supernate was inocu- 
lated into a C3H litter, consisting of 6 mice; 
5 developed leukemia at ages varying 4% to 
7 months. 


That the leukemic agent could also be pre- 
served at —70°C as a cell-free extract, was 
evident from the following experiment: On 
Aug. 21, 1956, a cell suspension prepared 
from a leukemic sixth-passage-donor was cen- 
trifuged at 3,000 rpm for 15 minutes and then 
at 9,500 rpm for 5 minutes. Three ml of the 
final 9,500 rpm supernate were then sealed in 
an ampoule, and frozen in carbon dioxide ice 
at —70°C. After 46 days, the ampoule was 
defrosted within a few minutes, and the ex- 
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TABLE I. 
Passage A Strain into Newborn* C3H Mice. 


x GT SEO 

g eee Bel aan Te EE Be rd SS 
26 6.8: 616 “SS 65 6 eo bere 
AZ SUZ 2S AS reese 

1t 1 1 7 6 6 86 

2 it 1 3 3 3. 2100 

3 1 1 5 2 7 40 

4 1 4 4 3t «6 43 (86) t 

5 1 2 5 5 41% 100 

6 3 5 12 ut 7 92 

7 4 10 on 37 3. 100 

8 1 5 13 13 3. 460 


* Most mice were < 12 hr old, many < 6 hr, 
none > 16 hr at time of inoc. 

+ First extract prepared from 744-mo-old Ak fe- 
male with spontaneous leukemia. 

t+ Three additional mice in this group developed 
bilateral parotid tumors at 5 mo of age. Total in- 
cidence of leukemia and tumors, 86%. 


tract, without any further treatment, was 
injected into 2 newborn C3H litters. Five 
mice were inoculated in the first litter, and all 
developed leukemia at 3 to 3%4 months of age. 
Three mice were injected in the second litter, 
and 2, thus far, have developed leukemia at 
3% months of age. 

In another experiment, a leukemic filtrate 
prepared on Aug. 21, 1956 from a 6th pas- 
sage donor, was sealed in an ampoule, frozen 
at —70°C, and then kept in carbon dioxide 
ice for 103 days. On Dec. 4, 1956, the am- 
poule was defrosted within a few minutes in 
tap water, and its contents, without any fur- 
ther treatment, inoculated into a newborn 
C3H(f) litter. Of 6 mice, 3 have already 
developed leukemia at 24 months of age; 
the remaining 3, now less than 3 months old, 
are still in good health. 

Discussion. During the course of recent 
experiments, the observation was made that 
one line of the leukemic agent, that originated 
in a leukemic Ak mouse, and has been since 
carried through several successive cell-free 
passages, induced consistently a high inci- 
dence of leukemia, following inoculation into 
newborn C3H mice. A standardized method 
of preparing the extract as either a 9,500 rpm 
supernate, or Selas, porosity 02, filtrate, was 
adopted; such extracts were inoculated into 
newborn C3H mice, usually by subcutaneous 
route, occasionally intraperitoneally or in- 


Results of Inoculation of Cell-Free 
(Centrifuged or Filtered) Extracts from Leukemie 
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tracranially. Most of the inoculated mice 
developed acute, generalized, lymphatic leu- 
kemia at 2% to 314 months of age (Table I). 
Filtered extracts appeared as potent as centri- 
fuged (9,500 rpm) supernate; subcutaneous, 
intraperitoneal and intracranial routes of in- 
oculation appeared equally effective. Further- 
more, the potency of the agent did not appear 
to be impaired by preservation at —70°C for 
46 days to 4% months. 

The results thus far obtained with the 
mouse leukemia passage agent, could be com- 
pared to studies with the Rous sarcoma virus 
recently reported by Bryan and his associates 
(8). At first, when the filterable chicken 
tumor was discovered by Rous(9), it was 
not always possible to duplicate cell-free 
transmission using any — tumor-carrying- 
chicken as a donor for the preparation of the 
filtrate. Gradually, it has been learned that 
different tumors contain different amounts of 
infective virus; cell-free passage of the Rous 
sarcoma virus from one host to another grad- 
ually increased the potency of the extracts. 
It is now possible to induce sarcomas in chicks 
with cell-free extracts in 100% of cases after 
a short latency of only 1 to 2 weeks(8). Am- 
poules containing the chicken tumor agent 
can be kept at —70°C and used as needed for 
inoculation of 3-week-old chicks of a suscep- 
tible strain. With chicken sarcoma and 
chicken myeloblastosis(10), the selection of a 
susceptible strain of hosts for inoculation of 
the virus is as important as in mouse leu- 
kemia(4). It is equally important, however, 
to use potent extracts for inoculation. 

It should also be emphasized that the cell- 
free, centrifuged or filtered extracts, prepared 
from the highly potent passage strain A of 
mouse leukemia here reported proved to be 
consistently pathogenic only when inoculated 
into newborn C3H mice. These mice were in 
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most instances less than 12, never more than 
16 hours old at time of inoculation. In each 
experiment, young adult (1% to 3 months 
old) C3H mice have been also routinely in- 
oculated. Thirty-five filtered extracts were 
prepared, each from a different leukemic 
donor, and inoculated into a total of 116 
young adult (approximately 2-month-old) 
C3H mice. Only 4 out of 94 adult C3H 
mice inoculated with the leukemic filtrates 
intraperitoneally (0.5 to 1 ml each), and 1 
out of 22 inoculated intracranially (0.1 to 
0.2 ml each), developed leukemia. 


Summary. 1. A strain of a filterable mouse 
leukemia agent has been developed from a 
spontaneous Ak leukemia through several 
successive cell-free inoculations of newborn 
C3H mice. 2. This agent induced acute, 
generalized leukemia within 2%4 to 3% 
months in 40 to 100% of the inoculated new- 
born C3H mice (Bittner substrain). 3. New- 
born mice had to be inoculated; adult C3H 
mice were with few exceptions resistant to in- 
oculation of the cell-free agent. 4. The leu- 
kemic agent could be preserved at —70°C 
from 46 days to 5% months, with no appar- 
ent loss of infectivity. 


1. Gross, L., Proc. Soc. Exp. Brot. anp MEDp., 
1951, v76, 27. 

D. , Cancer, 1953, v6, 153. 

SF , Proc. Soc. Exp. Biov. AND MeEp., 1954, 
v86, 734. 

4. , ibid., 1955, v88, 64. 

Sy. , Ann. N. Y. Acad. Sci., 1956. 

6. Woolley, G. W., and Small, M. C., Cancer, 
1956, v9, 1102. 

7. Gross, L., 2bzd., 1956, v9, 778. 

8. Bryan, W. R., Calnan, D., and Moloney, J. B., 
ibid., 1955, v16, 317. 

9; Rous, P. J.4A:MAy, 1911, v56, 198. 

10. Beard, J. W., Poultry Sci., 1956, v35, 203. 


Received February 6, 1957. P.S.E.B.M., 1957, v94. 


772 


Antibacterial Properties of Orinase in Infected Mice. 


(23081) 


Cuartes Lewis (Introduced by M. H. Kuizenga) 
Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


The search for an orally active agent ef- 
fective in treatment of diabetes mellitus has 
been carried on for many years. Recently, a 
group of synthetic sulfonamides has been re- 
ported to be capable, when administered 
orally, of reducing blood sugar concentrations 
in clinical diabetes(1-5) as well as in ex- 
perimental animals(5-7). 

While continuous administration of any 
physiologically active drug presents the ob- 
vious problem of toxicity, the constant use of 
a sulfonamide, even though not a sulfanila- 
mide-like compound,* presents another as- 
pect of toxicity not commonly encountered, 
viz., the effect of the compound on bacterial 
flora of the host. This question is particu- 
larly pertinent in the diabetic individual in 
view of his increased susceptibility to infec- 
tion. It therefore appeared advisable to in- 
vestigate the antibacterial properties of some 
of the newly discovered antidiabetic agents. 
In this paper the antibacterial properties of 
2 compounds having hypoglycemic activity, 
1 - (p-methylphenylsulfonyl)-3 - butylurea or 
Orinaset and 1-(p-aminophenylsulfony]) -3- 
butylurea, are compared with a commonly 
used triple sulfa mixture. 


Methods. Male white mice (CF-1), 18- 
20 g, were selected at random from animal 
pools. Technics for establishing mouse infec- 
tions, maintenance of cultures, etc., have been 
described(8,9). Freshly prepared stock sus- 
pensions in aqueous 0.25% Methocel? were 
prepared at beginning of each experiment and 
diluted so that the desired dose was contained 
in 0.2 ml when administered subcutaneously, 
or in 0.5 ml when administered by oral in- 
tubation. The triple sulfa mixture was pre- 
pared by thoroughly mixing in 1:1:1 ratio 
sulfadiazine, sulfamerazine and sulfametha- 
zine. After blending, the mixture was consid- 


* Unpublished. 

t Orinase is the Upjohn trade name for 1-(p- 
methylphenylsulfonyl) -3-butylurea. 

$+ Dow Chemical Co., Midland, Mich. 


ered an entity and used as the other two com- 
pounds. Preliminary work in non-infected 
animals demonstrated that subcutaneous doses 
as high as 400 mg/kg/day and oral doses as 
high as 800-1000 mg/kg/day of the sulfona- 
mide compounds could be safely given to mice 
at daily intervals over a period of 6 days with- 
out gross signs of toxicity. The infecting dose 
and the drug were administered so that the 
drug was given immediately following the in- 
fecting dose and continued at daily intervals 
for 6 days. On the seventh day the surviving 
animals were sacrificed. Evaluation of activ- 
ity was based on median protective dose 
(CDs) as calculated by the method of Reed 
and Muench(10), and the standard error cal- 
culated as described by Miller and Tainter 


CLL): 


Results. Table II summarizes our data of 
the comparison of  1-(p-methylphenylsul- 
fonyl)-3-butylurea with 1-(p-aminopheny]- 
sulfonyl) -3-butylurea and the triple sulfa mix- 
ture in infected mice. The failure of 1-(p- 
methylphenylsulfonyl) - 3 - butylurea to pro- 
tect mice infected with lethal challenges of 10 
different organisms is quite clearly demon- 
strated. None of the infected groups survived 
in statistically significant numbers in those 
instances where 1-(p-methylphenylsulfony]) - 
3-butylurea was given via either oral or sub- 
cutaneous routes. This is in contrast to 1- 
(p-aminophenylsulfony]l)-3-butylurea which 
possesses a high degree of antibacterial activ- 
ity in all infections studied with the excep- 
tion of Pseudomonas aeruginosa (Table 1). 
The latter compound is inferior to the triple 
sulfa mixture. 


It is felt that the failure of 1-(p-methyl- 
phenylsulfonyl)-3-butylurea to protect in- 
fected mice was due to a true lack of antibac- 
terial activity and that the animals did not 
die of cumulative toxicity produced by infec- 
tion superimposed upon a near lethal hypo- 
glycemia caused by a large dose of 1-(p- 
methylphenylsulfonyl)-3-butylurea. If death 
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TABLE I. Comparison of In Vivo Antibacterial Activities* of Orinase, 1-(p-Methylphenylsul- 
fonyl)-3-Butylurea, 1-(p-Aminophenylsulfonyl)-3-Butylurea, and a Triple Sulfa Mixture. 
1-(p-aminophenylsul- 
fonyl)-3-butylurea Orinase Triple sulfa 
Organism Subeut. Oral Subeut. Oral Subeut. Oral 
Streptococcus hemolyticus 66.1 54.3 $400 ‘ S600 z 37 ; 10 
Diplococcus pneumoniae I SoS 236 “ z 114 121 
Micrococcus aureus 100 50 ee e 18 10 
Pasteurella multocida Doel 46.8 2 y 14 10 
Klebsiella pneumoniae 327 200 at a 45 80 
Proteus vulgaris 31.2 20.2 a Y 2.7 2.1 
Pseudomonas aeruginosa >500 395 i 2 31.4 28.3 
Salmonella typhi 12.6 12.6 dt aa 13 10 
Salmonella paratyphi B 70.7 64 - 2 2.5 4.2 
Escherichia coli 100 83 a vs 13.5 9.3 


TABLE II. 
Butylurea and Orinase, 1-(p-Methylphenylsul 


* Expressed as median protective dose in mg/kg/day. 


Effect of Glucose* on Antibacterial Activities of 1-(p-Aminophenylsulfonyl) -3- 


fonyl)-3-Butylurea in S. hemolyticus Infected 


Miee. 


1-(p-aminophenylsul- 


Orinaset fonyl)-3-butylurea Controlt 
Log dil’n Mort. rate Mort. rate Mort. rate 
of chal- With Without With Without With Without 
lenge dose glucose glucose glucose glucose glucose glucose 
a 20/20 20/20 0/20 0/20 10/10 10/10 
5 2 19/20 a « i ss 
6 16/20 17/20 @ 5/10 8/10 
7 5/20 11/20 ce 1/10 
8 0/20 0/20 ce <i 1/10 0/10 
Avg LD5§ 6.5 6.9 >4.0 >4.0 6.6 6.4 


* Given as 5% in the drinking water. 
kg/day. t Infected but untreated. 


had been due to increased susceptibility of the 
animal, due to a low blood sugar concentra- 
tion or other forms of toxicity plus the infec- 
tion, it could be expected that fewer bacterial 
cells in the challenge, as demonstrated by a 
higher LD; 9, would cause death of the ani- 
mals. Further, if the toxic effect of low blood 
sugar were countered with glucose adminis- 
tered to the animal, a therapeutic pattern re- 
sembling that of 1-(p-aminophenylsulfony]) - 
3-butylurea should be observed. In an effort 
to demonstrate this, the following experiment 
was designed and carried out. 

Two groups of 200 mice were treated with 
either 1 - (p-methylphenylsulfonyl)-3 - butyl- 
urea or 1-(p-aminophenylsulfony]) -3-butyl- 
urea. The 2 groups were further divided into 
5 groups of 40 mice, and each group was chal- 
lenged with Streptococcus hemolyticus seri- 
ally diluted in 10-fold increments. One-half 
of the animals treated with 1-(p-methylphe- 


+ Admin. orally by direct intubation at 500 mg/ 


§ Expressed as log of median lethal dose. 


nylsulfonyl)-3-butylurea was given glucose in 
drinking water, while the remaining half was 
given plain water. Appropriate untreated in- 
fected controls were used for comparative pur- 
poses. The median lethal dose of S. hemoly- 
ticus for each group was used as a measure of 
altered susceptibility to the infection. 

It can be noted from the data (Table IT) 
that addition of glucose (5%) to the infected 
animals did not alter susceptibility of the dif- 
ferent groups to the S. hemolyticus infections. 
The groups receiving 1-(p-aminophenylsul- 
fonyl)-3-butylurea was protected whether 
glucose was administered to mice or not, and 
the susceptibility of mice receiving 1-(p- 
methylphenylsulfonyl)-3-butylurea was un- 
changed in the untreated starved controls. 

The influence of one bacteriologically: ac- 
tive agent upon activity of a second antibac- 
terial agent has been studied in detail by nu- 
merous workers. Many types of different ac- 
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TABLE III. Effect of Orinase, 1-(p-Methylphenylsulfonyl)-3-Butylurea on the Activity of 
Tetracycline in S. hemolyticus Infected Mice, 20 Mice per Series. 


-—Drug level*—, 


-— Drug level*—, 


Tetra- Tetra- . 
Orinase eycline Mort.ratiot CDsot Orinase cycline Mort.ratiot CD54 
250 8 19/20 eS None 3 17/20 Se 
a .6 14/20 S z 6 12/20 oe 
a ale 1/20 3B ae 1.2 5/20 = 
se 2.4 0/20 — wy 2.4 1/20 Be 
” 4.8 ” RG 0/20 Ss 


4 4.8 


* Expressed in mg/kg/day. 
confidence limits). 


tions, including synergism and antagonism, 
have been demonstrated depending upon the 
antibiotics and upon the proportions. To es- 
tablish that 1-(p-methylphenylsulfonyl) -3- 
butylurea does not interfere with antibac- 
terial action of an antibiotic, the compound 
was administered orally to a group of infected 
mice being treated subcutaneously with tetra- 
cyclineS while a second group of infected mice 
was treated with the antibiotic alone. The 
median protective dose of tetracycline was de- 
termined both alone and in the presence of 
250 mg/kg/day of 1-(p-methylphenylsul- 
fonyl)-3-butylurea and used as the basis of 
evaluation. 

From the results presented in Table ITI, it 
is obvious that 1-(p-methylphenylsulfony]) - 
3-butylurea does not interfere with the pro- 
tective action of tetracycline in S. hemoly- 
ticus infected mice, and that tetracycline ther- 
apy could be carried out in the presence of 
relatively large daily doses of 1-(p-methyl- 
phenylsulfony]) -3-butylurea. 

Summary. 1. The chemotherapeutic prop- 
erties of 2 newly discovered sulfonamide anti- 
diabetic agents have been studied in infected 
mice and compared to a commonly used triple 
sulfa mixture. Data demonstrating that 1- 
(p-methylphenylsulfonyl)-3-butylurea is de- 
void of any antibacterial activity and that 1- 
(p-aminophenylsulfonyl)-3-butylurea is ac- 
tive as an antibacterial agent have been pre- 
sented. Lack of antibacterial activity of 1- 


+ No. dead/total No. 


¢ Median protective dose (95% 


(p-methylphenylsulfonyl)-3-butylurea can be 
attributed to absence of the para-amino group. 
This para-amino group is present in each of 
the ingredients in the triple sulfa mixture as 
well as other sulfanilamide-like compounds. 
2. It has been demonstrated that failure of 
1 - (p-methylphenylsulfonyl)-3 - butylurea to 
protect infected mice was due to a true lack 
of antibacterial activity, and death of test 
animals was not attributed to toxicity. 3. 
Large daily doses of 1-(p-methylphenylsul- 
fonyl)-3-butylurea have been shown not to 
interfere with therapeutic activity of tetracy- 
cline in infected mice. 
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§ Upjohn Tetracycline (Panmycin) was used. 
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Some Effects of N-Nitrosodimethylamine on Rabbit Kidney Function. 
(23082) 


Joun F. O’LEary, J. HENRY Witts, B. Harrison AND A. OIKEMUS 
Pharmacology Branch, Directorate of Medical Research, Army Chemical Center, Md. 


N-nitrosodimethylamine (NNDMA)_ has 
become of interest as an intermediate in the 
manufacture of asymmetrical dimethyl hydra- 
zine, used as a component of rocket fuels. 
One of 2 laboratory workers exposed acci- 
dentally to this compound died of “acute ter- 
minal passive congestion” of the kidneys(1). 
Other cases have shown toxic effects on the 
liver(2,3,4). Animal experiments have shown 
degenerative and malignantly proliferative 
changes in liver(3,5). Because fatally poi- 
soned animals may die within a few hours and 
because hepatectomized animals may be ex- 
pected to survive for up to 40 hours(6), work 
was undertaken to see whether NNDMA has 
other significant toxic effects. The early re- 
port implicating the kidney in NNDMA toxic 
effects(1), and our own observation that the 
material caused variations in urine output in 
dogs, suggested that kidney effects might be 
a part of the toxic mechanism of this com- 
pound. 

Materials and methods. Rabbits of mixed 
breed and sex were used for kidney function 
studies in which inulin and p-aminohippuric 
acid (PAH) clearances were measured(7). 
The animals were lightly anesthetized with 
pentobarbital and infused continuously with 
physiological saline solution containing inulin 
2.5 mg/ml and PAH 14.3 mg/ml, at 1 ml/ 
min. Blood samples were taken from a deep 
femoral artery, and urine flowed through poly- 
ethylene catheters in the ureters. Urine was 
collected at 30-minute intervals and corre- 
sponding blood samples were taken at mid- 
points of the intervals. Urine and blood were 
analyzed for inulin(8) and PAH(9). 

Rabbits which had been injected intra- 
venously with NNDMA (10 mg/kg or % 
approximate LD; 9) 18, 45 and 65 hours pre- 
viously were anesthetized and prepared as 
described above. Two or 3 animals were 
studied at each time, yielding 6 experimental 
periods each. Values obtained from poisoned 
animals were compared with those from 7 


animals which received no NNDMA, using 
the “t” test(10,11). 

Results. Preliminary experiments on short- 
term effects of 60 mg/kg of NNDMA on re- 
nal function showed no significant changes 
from control values, with the possible excep- 
tion of a decrease in {PAH(7) 2 hours after 
NNDMA was given. 

Longer term studies of kidney function are 
presented in Table I. It is apparent that 18 
hours after injection of NNDMA, urine flow 
was significantly decreased. There was also 
a significant decrease in clearance of PAH. 
While it is questionable that the simultaneous 
decrease in mean glomerular filtration rate 
(inulin clearance) is real, there is little doubt 
that the tubular epithelium transfers less 
PAH into the tubular lumina at 18 and 45 
hour intervals. 

The net result of the kidney studies, then, 
is that NNDMA (60 mg/kg) until 2 hours 
after injection has no clearly adverse effects 
upon renal function, but that there may be 
decrease in tubular function beginning at this 
time. Loss of tubular function is definite 18 
hours after administration of smaller doses of 
NNDMA (10 mg/kg), and continues through 
the 45 hour period. Some recovery from the 
impairment is evident by 65 hours.  Filtra- 
tion is not significantly impaired, but a mini- 
mal decrease in filtration rate may be present 
also. 

Urine flow decreased significantly at 18 
(by 67%) and 45 (by 76%) hours, and this 
was simultaneous with depressed tubular ex- 
cretion of PAH. Since filtration had de- 
creased by only 47% and 58%, respectively, 
at these 2 times, the rest of the decrease in 
urine flow must occur by increased passage of 
water from the tubular lumina into the peri- 
tubular capillaries. We observed that cap- 
sules of kidneys of poisoned animals are 
usually tense. This observation suggests that 
oliguria in NNDMA poisoning may result in 
part from increased intracapsular pressure 
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TABLE I. Long Term Effects of NNDMA on Rabbit Kidney Function, Dose 10 mg/kg, I.V. 
Nene ee SS eee ————————————————_ 


Inulin clearance 


PAH clearance fPAH 


Hr after Urine flow 
NNDMA N ——_1—- ml/min. + 8.E. and (P)*—-——-.__ + S.E. and (P)* 
0 42 Hl Guat= 00M 3.64 + .714 18.39 + 2.450 9.61 + 2.645 
18 18 .25 + .063 1.92 = .602 460+ .421 2:09 =e 429 
(.001)* Gi) (.001) (.05) 
45 12 18 + .024 1.52 + .248 Zenon =e ae Oslel 2.75 + .803 
(.001) (a) (.001) (GL) 
65 12 sf) se oleh! 3.22 + .475 13.33 + 1.660 4.01 + .645 
(.8) (GD) (.2) (.2) 


* P — Probability of chance difference from controls. 


N refers to No. of 30-min. clearances measured. Value fPAH(7) joprascrts tubular exere- 
tion rate of PAH in terms of glomerular filtration rate, and was calculated independently for 


each clearance measurement. 


with increased back-diffusion of water across 
the tubular epithelium. Also, when kidneys 
of animals used in long-term studies were sec- 
tioned, stained and examined microscopically, 
vascular congestion, particularly in the area 
of the collecting tubules, was evident in poi- 
soned animals as compared with controls. 
Such congestion could contribute to increased 
intracapsular pressure and oliguria(12), and 
appeared correlated in degree with functional 
changes. Livers of experimental animals 
showed central zone damage as reported by 
other investigators(3,4). 

Preliminary experiments indicated that cir- 
culatory, respiratory, and autonomic nervous 
systems are not implicated to any important 
extent in acute death resulting from admin- 
istration of NNDMA. The principal causal 
factor in such deaths has been recognized gen- 
erally as liver damage(2,3,4). 

Summary. 1. The present studies have 
shown that, in addition, significant loss of 
kidney function can result from exposure to 
this material. Such kidney debilitation could 
be of considerable consequence if it occurred 
together with severe liver damage. The time 
of occurrence of maximal kidney effects corre- 
lates well with time of death after NNDMA, 
as well as with that of rise of blood NPN in 
rabbits and in dogs. 2. No histologically 
demonstrable changes in functional kidney 
cells were evident in these animals nor in 
those examined by other investigators(3,4). 
However, other investigators found local vas- 
cular congestions in liver, lungs and intestine. 


The present experiments indicate this to be 
true in kidneys which show significant loss of 
function. The suggestion(3) that an out- 
standing property of NNDMA is its affinity 
for vasculatures of liver, lung and intestine 
may also apply to vasculature of kidney. 


The authors acknowledge the valuable analytical 
work of Aurora Bransford in the clearance studies. 
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Hawkins e¢ al.(1) found an inverse relation 
between thyroid and serum cholinesterase ac- 
tivities in the rat. Thyroidectomy produces 
regression of the thymus(2,3,4). Thyroid ex- 
tract causes hypertrophy of the thymus, al- 
though an excess leads to atrophy(2). Then 
would thymectomy cause a change in esterase 
activity ? 


Methods. Fourteen young (50-60 g) female 
albino rats of the Wistar strain were thymec- 
tomized under light ether anesthesia accord- 
ing to the technic of Segaloff(5). Fourteen 
control rats were anesthetized and sham-op- 
erated; the incision was held open for the av- 
erage time necessary to perform a thymec- 
tomy. Three weeks after the operations the 
animals were bled. Serum esterase activity 
was measured by a modification of the optical 
method developed by Kalow(6) (serum dilu- 
tion, 1 to 100; temp. 40°C; substrate, 5 x 
10°°M benzoylcholine chloride; wavelength, 
240 mu; duration of measurement, 15 min.). 


Effect of Incubation upon Folic Acid Content of Eggs. 


Results were expressed as shift in absorbance 
x 1,000. 

Results. In the control rats the mean es- 
terase activity was 37.5 units, in the thy- 
mectomized, 37.6 units. 

Summary Although the thyroid gland in- 
fluences both the status of the thymus and 
serum. cholinesterase activity, thymectomy 
alone has no influence on serum cholinesterase 
activity. 


1. Hawkins, R. B., Nichikawara, M., and Mendel, 
B., Endocrinol., 1948, v43, 167. 

2. Houssay, B. A., Human Physiology, McGraw- 
Hill, ed. 2, 1955. 

3. Marine, D., Manley, O. T., and Baumann, E. J., 
J. Exp. Med., 1924, v40, 429. 

4. Chiodi, H., Endocrinol., 1940, v26, 107. 

5. Segaloff, A., cited by Farris, E. J., and Griffith, 
J. Q, Jr, The Rat in Laboratory Investigation, 
Lippincott, ed. 2, 1949. 

6. Kalow, W., J. Pharmacol. Exp. Therap., 1952, 
v26, 107. 
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The effect of incubation of eggs upon con- 
tent of most of the B-vitamins has been deter- 
mined. Snell and Quarles(1) found no change 
in the level of riboflavin or pantothenic acid 
in eggs throughout one period of incubation. 
Biotin concentration remained constant, or 
decreased slightly, while inositol and nicotinic 
acid were found to be synthesized by the em- 
bryo. Okamoto(2) found the concentration 
of thiamin to remain constant. Cielens(3) 
reports that 53-67% of choline is lost during 


* Medical Student Fellow of Nat. Fn. for Infantile 
Paralysis. 


incubation. 
been studied. 

Since germfree rats have been found to syn- 
thesize vit. By (folic acid and citrovorum fac- 
tor) while they require biotin and other B- 
vitamins(4), it is of special interest to deter- 
mine the change in folic acid content of the 
incubating egg (which is usually germfree). 
Evans et al.(5) studied the effect of cold stor- 
age on folic acid content of eggs and Ebert 
(6) reported on development and role of p- 
aminobenzoic acid (a component of folic 
acid) in the early chick embryo. 

Methods. Four dozen eggs were procured 


Folic acid has apparently not 
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TABLE I. Folic Acid Level of Eggs at Different 
Stages of Incubation. 


Mean folie 
Incubation, acid/egg, wg 
Group wk No. eggs (+ stand. dev.) 
IL 0 12 6.5 + 2.68 
10 il iu 5.5 + 2.02 
IIL 2 g Holl se Ue) 
IV 3 df 5.6 + 1.64 


the same day from a flock of hens (White 
Vantress males crossed with White Rock hens 
from Smith Hatchery, Columbia, Mo.) re- 
ceiving identical diet. The eggs were divided 
into 4 groups of one dozen each, they were 
numbered according to group and after for- 
maldehyde treatment they were incubated 
0, 1, 2 and 3 weeks respectively by a com- 
mercial hatcher. The eggs were then assayed 
by a microbiological method(7) employing 
S. fecalis, A.T.C.C. No. 8043. Powdered 
hog kidneyt was used as a source of folic acid 
conjugase in view of data presented by Sreen- 
ivasan et al.(8), Olson e¢ al.(9) and Bird 
et al.(10). Commercially+ prepared growth 
agar and assay media were used. 

Results. A high individual variation was 
found between eggs within each group despite 
the attempt to obtain relatively uniform eggs. 
As shown in Table I the mean folic acid 
level per egg for each group falls within one 
standard deviation of variation from the 
means of all the other groups. These data 
add to emerging metabolic patterns which 
show why a chick requires a dietary source of 


+ Procured from Viobin Corp., Monticello, Il. 
t Difco Labs., Detroit, Mich. 
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folic acid while a rat does not(11). Since ~ 
there appears to be no increase in total quan- | 
tity of folic acid in an egg, as the embryo de- 
velops, isotopic studies are needed to deter- 
mine whether the nutritional requirement of 
the chick for folic acid is due to complete 
absence of a synthetic mechanism or simply 
the presence of a requirement greater than 
synthesis under a given set of conditions. 


Conclusion. No change in concentration 
of folic acid was found in eggs during incuba- 
tion for 3 weeks. 
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Minimal Vitamin Requirements of Rabbit Fibroblasts, Strain RM3-73. 
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R. F. Harr* anp H. E. Swit 


(Introduced by R. F. Parker) 


Department of Microbiology, School of Medicine, Western Reserve University, Cleveland. 


Isolation of a subline of rabbit fibroblasts, 
designated RM3-73, from the established 
stock strain RM3-56(1) has been described.+ 
Strain RM3-73 appears to be less fastidious 
than RM3-56 since it can be propagated se- 
rially in a medium containing a small quan- 
tity of dialyzed serum as the only undefined 
component, whereas RM3-56 requires both 
whole serum and chick embryo extract for 
continuous proliferation. As a basis for com- 
paring nutritional requirements of the two 
strains, it was of interest to determine some 
of the factors required by RM3-73. This 
strain is particularly suitable for nutritional 


TABLE I. Composition of Medium 73. 


Cone., Cone., 
Compound* mM Compound mM 
Alanine 1.00 Calcium chloride 1.8 
a-Aminobutyrict .12 Magnesium chlo- 8 
Arginine .20 ride 
Asparagine 07 Potassium chlo- 5.4 
Aspartic sia ride 
Cystine .05 Sodium bicarbo- 26.2 
Glutamic ala nate 
Glutamine 2.00 Sodium chloride 116.2 
Glyeine 30 Sodiummonoba- 1.2 
Histidine .05 sicphosphate 
Hydroxyproline  .05 Glucose 5.6 
Tsoleucine .25 Glucuronie acid .05 
Leucine 25 Orotie acid 32 
Lysine 25 Phenol red -O1 
Methionine 10 hes 
Ornithine algal oman pe 
; a 1oline 01 
Phenylalanine 15 Rolie acid ‘005 
Proline 13 Nicotinamide 005 
Serine ’ 25 Pantothenie acid .005 
Threonine 25 Pyridoxal 005 
Tryptophan 03 Riboflavin ' .0005 
Tyrosine 10 Thiamin 005 
Valine 25 Vit. Bis .0001 


* Medium also contains 100 units of penicillin G 
and 50 yg of streptomycin sulfate/ml and 2% 
(v/v) dialyzed horse serum. 

+ DL-g-aminobutyrie acid; all other amino acids 
are of L- configuration. 


* Former U. S. Public Health Service Research 
Fellow, National Microbiological Institute. 

+ Aided by a grant from The National Foundation 
for Infantile Paralysis. 

t Unpublished experiments. 


TABLE II. Effect of Omitting Vitamins Separ- 
ately from Medium 73 on the Proliferation of 
RM3-73. 

Proliferation index after 7 days* 
7-————— Passage ———, 
Vit. omitted Ist 2nd brd 4th 
Folie acid 6.6 1.0 Dt 
Nicotinamide 8 D 
Pantothenic acid 4.4 8 D 
Pyridoxal 6.3 6.4 6.1 5.4 
fe t 4.1 1.6 5) 
Riboflavin 5 D 
Thiamin (6 7.0 3.3 D 
Biotin 9.3 7.0 7.2 7.9 
Choline 7.2 7.3 6.2 8.1 
Wane, 18k, 8.2 8.4 7.6 8.3 
None 7.6 7.2 8.3 7.5 


* Avg value for 2 experiments. 

+ D= Extensive degeneration of cells and counts 
not performed. 

t Alpha-aminobutyric, asparagine, aspartic, glu- 
tamic, glycine, hydroxyproline, ornithine, and pro- 
line in addition to pyridoxal omitted from medium 
73. 


studies since the cells can be propagated for 
indefinite periods in a medium which con- 
tains a minimal quantity of undefined con- 
stituents. Thus, some of the restrictions 
which are imposed by inadequate basal media 
are eliminated.+ This report describes the 
vitamins required by strain RM3-73 in a me- 
dium containing 2% dialyzed serum. 

Methods. Stock cultures of RM3-73 were 
propagated on glass in medium 73 (Table I) 
according to methods described previously 
(1). Each experimental medium was evalu- 
ated by propagating the cells serially in a 
group of flasks (1 to 4 T60 and 4 T15 flasks). 
The medium was replaced on the third and 
fifth days, and subcultures were prepared at 
intervals of 7 days by the use of trypsin.} 
The degree of cellular proliferation for each 
7-day interval was determined by the nuclear 
counting procedure.+ 

Results. The results obtained when vita- 
mins of medium 73 are omitted separately 
from the medium are summarized in Table II. 
The degree to which rate of proliferation de- 
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TABLE III. Proliferation of Strain RM3-73 as a 
Function of Concentration of Individual Vitamins. 
Soe eee aN ca Resear ee ee pon ec 


Vitamin cone., 


LO 
ee cane 
Passage 1O7 1 1.01001 optimal 
Vitamin No. Proliferation index* growth 
Folic acid 3-4 Hol Ges Dy 1 
Nicotina- 2-3 Oh Gps Size 1D) 1 
mide 
Pantothe- 2-3 Peds Vis). sles Ska AD) ail! 
nate 
Pyridoxalt 3 ZL a0) ee ele 1D) nil 
Riboflavin 2-3 Tpit tees) Byer 4D, oul 
Thiamin 4-5 6.9 7.2 7.6 4.4 D Ail 


* Avg values for passages indicated in Column 2, 

+ D = Cells degenerated. 

t a-aminobutyric, asparagine, aspartic, glutamic, 
glycine, hydroxyproline, ornithine, and proline in 
addition to pyridoxal omitted from medium 73. 


clines in each successive culture passage is a 
function of the particular vitamin omitted, and 
this appears to be unrelated to concentration 
of that vitamin which permits optimal prolifer- 
ation (see Table III). On continued serial 
propagation of RM3-73 in the absence of one 
of the essential vitamins, the cells gradually 
degenerate (compare Fig. 1, 2, and 3 with Fig. 
4) until lysis occurs. It will be noted in 
Table II that pyridoxal presents a special 
case since, except for a modest decrease in 
the rate of proliferation, there is no apparent 
requirement for this vitamin when omitted 
separately from medium 73. On the other 
hand, when a-aminobutyric, asparagine, 
aspartic, glutamic, glycine, hydroxyproline, 
ornithine and proline are omitted in addition 
to pyridoxal, the cells fail to proliferate for 
more than 2 passages. It is also of interest 
that pyridoxal is the only vitamin which in- 
hibits proliferation when employed in 100 
times the concentration permitting optimal 
growth (Table III). This group of so-called 
accessory amino acids which exerts a sparing 
action on the requirement for pyridoxal is not 
required for the continuous proliferation of 
RM3-73 in the presence of the vitamin. The 
group of accessory amino acids are effective 
however in increasing rate of proliferation of 
RM3-73 in the presence of pyridoxal as indi- 
cated by the results presented in Table III. 
The data in Table II which indicate that bio- 
tin, choline, and vit. B;. are not essential were 
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substantiated by propagating RM3-73 cells 


for 15 passages in a modified medium 73 lack- 


ing these components. In a similar experi- 
ment, it was demonstrated that neither glu- 
curonic nor orotic acid is required by 
RM3-73. 


Growth response of RM3-73 as a function 
of the concentration of each of the essential 
vitamins is illustrated in Table III. Deter- 
minations of this type are complicated by the 
fact that one or more passages are usually 
required to deplete the cells of the vitamin 
and its conjugates when suboptimal levels are 
supplied in the medium. The data presented 
in Table III (after 2 to 5 passages in ex- 
perimental media) are thus representative of 
the responses anticipated on continued pro- 
liferation. This was substantiated in part 
by experiments employing suboptimal con- 
centrations (1 x 10° mM) of pantothenic 
acid and riboflavin. Under these conditions, 
the level of proliferation indicated in Table 
III was maintained for at least 8 passages. 


Discussion. The foregoing data indicate 
that folic acid, nicotinamide, pantothenic 
acid, pyridoxal, riboflavin, and thiamin are 
essential for the continuous proliferation of 
rabbit fibroblasts strain RM3-73. It is ap- 
parent that these represent only the minimal 
requirements of this strain of cells, since ad- 
ditional vitamins may be contributed by un- 
identified factors supplied by the dialyzed 
serum. The degree to which the growth rate 
of RM3-73 declines with each successive cul- 
ture passage in the absence of an essential 
vitamin (Table II) is indicative of the rate at 
which the cells are depleted of the vitamin 
and its derivatives. This type of response to 
a nutritional deficiency illustrates the impor- 
tance of supplementing information obtained 
in short-term experiments (5-10 days without 
preparing subcultures) on cell culture nutri- 
tion with data procured in studies which are 
conducted for a sufficient period to permit 
serial cultivation in the experimental media. 
In view of the extensive degenerative changes 
observed when cells are propagated in the ab- 
sence of an essential vitamin, it is considered 
that the procedure employed in these studies 
is somewhat more reliable than that of de- 
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termining the concentration of vitamin re- 
quired to restore the active proliferation of 
severely depleted cells(2). 

RM3-73 resembles certain microorgan- 
isms(3,4) in that its requirement for 
pyridoxal is replaced for at least 5 passages 
(representing approximately 3 x 10+ fold in- 
crease in number) by a group of eight amino 
acids which are otherwise not required for 
the continuous propagation of this strain of 
fibroblasts under the conditions employed. 
The data are consistent only with the inter- 
pretation that amino acids reduce the re- 


quirement for pyridoxal to a minimal level 


” 


” 
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RM3-73 cells after 7 days in absence of nicotinamide. 


? ” ” 


riboflavin. 
pantothenie acid. 


” ” 


i typical 7-day culture of RM3-73 in medium 73. 


since the dialyzed serum added to the medium 
may not be entirely free from the vitamin. 


The number of vitamins required by RM3- 
73 is less than that required by other perma- 
nent strains of cells which have been studied 
under similar conditions. Strains L and HeLa 
require choline(2) in addition to those indi- 
cated for RM3-73 (Table III) and several 
strains require i-inositol(5). Human fibro- 
blasts, strain U12-79, require both choline 
and i-inositol.’ It is of considerable interest 
in this connection, that RM3-73 was isolated 


§ Unpublished experiments. 
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by a process of selection from strain RM3-56 
which requires whole chick embryo extract 
and horse serum in addition to the defined 
components of medium 73.4 This suggests 
the possibility that additional vitamins are 
required for the RM3-56 strain of rabbit 
fibroblasts. 

Summary. <A strain of rabbit fibroblasts 
designated strain RM3-73 requires folic acid, 
nicotinamide, pantothenic acid, pyridoxal, 
riboflavin, and thiamine for continuous pro- 
liferation in a medium containing 2% (v/v) 
dialyzed horse serum. ‘The concentration of 
each vitamin which permits optimal prolifer- 
ation was determined by propagating the cells 
serially in media containing graded concen- 
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trations of the compound. A group of eight 
amino acids which are not required for serial | 
propagation in the presence of pyridoxal re- 
placed the requirement for this vitamin under 
experimental conditions employed. 


1, Haff, R. F., and Swim, H. E., Proc. Soc. Exp. 
Brot. anD MEp., 1956, v93, 200. 

2. Eagle, H., J. Exp. Med., 1955, v102, 595. 

3. Snell, E. E., and Guirard, B. M., Proc. Nat. 
Acad. Sci., 1943, v29, 66. 

4. Stokes, J. L., and Gunness, M., Science, 1945, 
vl101, 43. 

5. Eagle, H., Oyama, V. I., Levy, M., and Free- 
man, A., ibid., 1955, v123, 845. 
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Viruses of the Coxsackie B group have been 
frequently isolated from the stools and less 
frequently from the throat and the spinal fluid 
of aseptic meningitis patients. However, 
demonstration of viremia has received only a 
passing mention in the literature(1,2). The 
present report describes isolation of a Cox- 
sackie B2 virus from the serum of a patient 
3 days after onset of a febrile illness, but 5 
days prior to the onset of frank meningitis. 

The patient, a 36-year-old male physician 
engaged in virus research, became ill in 
November 1955 while investigating an out- 
break of a disease characterized by fever, diz- 
ziness, chest pain, myalgia and sometimes 
nuchal discomfort. His studies included ex- 
amination of patients, collection and testing 
of blood, pharyngeal and fecal specimens, 
some of which were found to contain Cox- 
sackie B2 virus. 

Methods. Monkey kidney cultures _pre- 
pared by a modified Youngner technic(3) 
were used both for virus isolation and neu- 
tralization tests. The cells were grown in the 


* Lab. of Infectious Diseases. 


lactalbumin hydrolysate-calf serum medium 
recommended by Melnick(4) and after 4 
days of incubation were changed to a main- 
tenance medium in which the concentration of 
the calf serum was decreased by one half. 
The human amnion cell cultures were pre- 
pared according to a procedure described by 
Takemoto and Lerner(5). In virus isolation 
attempts, 0.3 ml of undiluted sera and spinal 
fluid were added to several tubes each; the 
throat swabs in Hanks’ solution were first 
treated with 500 u penicillin, 500 ug strep- 
tomycin, and 100 u mycostatin per ml; the 
stools were emulsified to make 10% suspen- 
sion in Hanks’ solution and treated with 1,250 
u penicillin and streptomycin both before and 
after centrifugation at 8,000 rpm for 30 min- 
utes. Serum-virus neutralization tests em- 
ployed mixtures of equal volumes of appro- 
priate serum and virus dilutions representing 
100 tissue culture infectious doses which after 
1 hr. at room temperature were inoculated 
into culture tubes. All sera used in neutrali- 
zations, including serial specimens from the 
patient, were heated at 56°C for 30 minutes. 
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TABLE I. Clinical Course and Coxsackie B2 Iso- 
lations in Tissue Culture and Suckling Mice. 


Virus 
isolations 
Date Clinical course Specimen TC SM 
11/12/55 Fever, dizziness, None 
myalgia 
13 Same + pleuro- i 
dynia, nausea 
14 Same-+ headache, Throat Neg. Neg. 
anorexia Blood TROSG TEtosh 
15 Some improy'm’nt None 
16 Same Stool wd ¥ 
17 Chest pain, back- None 
ache 
18 Same + ? stiff 
neck 
19 Frank clinical Throat Neg. Neg. 
meningitis* CSF SONS 
22 Some improy’m’nt Stool Pos. ND 


* CSEF-76 cells (50% PMN), protein 52 mg. 
Nuchal and spine rigidity, fever, headache and 
vomiting. 


Virus isolations in tissue culture were con- 
firmed by intraperitoneal (0.04 ml) and in- 
tracerebral (0.02 ml) inoculation of Swiss 
white suckling mice of less than 24 hr. of age. 

Results. Table I summarizes the major 
clinical manifestations chronologically with 
the results of virus isolation attempts. The 
virus was present in the blood but not the 
throat secretions on the third day of the ini- 
tial phase of illness. Its titer was found to 
be 107 per ml of serum at that time. Two 
days later, during the period of relative im- 
provement, the virus was present in the stool 
at a titer of 10° per g of fecal material. At 
the time of clinical meningitis, the virus was 
again not found in the throat and could not be 
isolated from a sample of spinal fluid. Dur- 
ing early convalescence the virus. was still 
present to a titer of 10* per g of stool speci- 
men. 

Presence of the virus in the patient’s blood 
on November 14 was established by repeated 
isolations from 2 separately frozen vials of the 
serum. Three of the isolations were accomp- 
lished in tubes prepared from different batches 
of monkey kidney cells. The fourth attempt 
utilized human amnion cell cultures; the pri- 
mary tubes did not show cytopathic changes 
during the 30-day observation period. Ali- 
quots of supernatants harvested at 10, 20, 
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and 30 days and passaged blindly in amnion 
and monkey kidney tubes generally failed to 
produce cytopathic effects. The only excep- 
tion was the 10 day harvest passaged in 
monkey kidney which after a prolonged incu- 
bation period showed passageable characteris- 
tic Coxsackie B effect, suggestive of limited 
survival rather than propagation of the virus 
in the amnion system. The fifth virus isola- 
tion from the serum was directly in 1 day old 
suckling mice which developed typical ex- 
perimental Coxsackie B disease. A passage- 
able cytopathogenic agent was re-isolated in 
monkey kidney tubes from the brain-muscle 
pool of the 4th suckling mouse passage. Each 
of the 5 separate tissue culture virus isolates 
was individually typed as Coxsackie B2. 

Table II shows that neutralizing antibodies 
against Coxsackie B2 prototype virus, as well 
as the virus strains isolated from the patient’s 
blood and stool, were present in the convales- 
cent serum but not in the “acute” virus-bear- 
ing serum or the sera collected 2 and 16 
months before the onset of illness. 


Discussion. Demonstration of viremia in 
this patient suggests that it may be a part of 
pathogenesis of Coxsackie B meningitis. Un- 
fortunately, because serum, pharyngeal, and 
fecal specimens were not collected daily, it is 
not possible to correlate the presence of the 
virus with the development of specific symp- 
toms. However, it appears that viremia 
either followed or accompanied the onset of 
fever, myalgia, and pleurodynia, and _ pre- 
ceded the development of clinical meningitis. 
The absence of demonstrable virus in the 
throat secretions on 2 occasions and its pres- 
ence in the stool mid-way through the febrile 


TABLE II. Titration of Patient’s Sera against 
Coxsackie B2 Viruses.* 
Virus strains 
Serum Stool 
isolate isolate Proto- 
Date of serumt (11/14/55) (11/16/55) type B2 
7/26/54 <4 ND <4 
9/15/55 K <4 ie 
11/14 t ” ” ” 
12/6: 64 64 64 


* Figures indicate reciprocals of serum dilutions 
neutralizing 100 TCID;. 

+ All sera were heated at 56°C for 30 min. 

t “* Acute’’ virus-bearing serum. 
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illness preceding meningitis suggests that in 
this patient there was an early locus of viral 
propagation in the intestinal tract. 

Review of the literature disclosed no other 
findings suggestive of the possible role of Cox- 
sackie B viremia in the pathogenesis of men- 
ingitis. Isolation of 4 Coxsackie virus strains 
from human blood was first reported by Tay- 
lor(1) in the course of routine testing of 1,990 
specimens from febrile patients in Egypt. 
Two of these viruses were found to belong 
to Group A (A3 and A6) and 2 were typed as 
B2. No definitive data were presented corre- 
lating the presence of viremia with the clini- 
cal picture(1,6). 

Another cursory reference to a single iso- 
lation each of Coxsackie A and B viruses from 
human bloods was made by Bayer and Gear 
(2). No details were given but apparently 
all of their patients were admitted with CNS 
involvement as suspected cases of nonpara- 
lytic poliomyelitis. The uncommonness of 
Coxsackie B viremia after onset of meningitis 
is attested by the fact that they were able to 
isolate the virus only once although their 
group of 200 cases of viral meningoencepha- 
litis included 20 individuals with Coxsackie 
B viruses in the feces, 9 of whom also had 
demonstrable virus in the spinal fluid. 

It is quite possible that every systemic in- 
fection with the Coxsackie B viruses is ac- 
companied by viremia. Elucidation of its 
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role in the pathogenesis of complicating men- | 
ingitis will require further attempts to isolate 
the virus from all types of suspected Cox- 
sackie B infections, including those with men- 
ingeal involvement at various stages of the 
disease. 


Summary. Coxsackie B2 virus was re- 
peatedly isolated from a serum specimen ob- 
tained 5 days prior to the onset of clinical 
meningitis. The virus was also demonstrated 
in the stool specimen during the prodromal 
phase and in convalescence. The convalescent 
serum contained specific antibodies which 
were not present either in the virus-bearing 
serum or in sera collected before the onset 
of this illness. 


The authors are grateful to Mrs. Nancy C. Gregg 
for valuable assistance. 
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Relationship Between Estradiol and Parathyroid on Retention of Ca*® in 


Bone and Blood Serum of Rats.* 


(23087) 


GIOVANNI Manunta,! Jack SAROFF, AND CHARLES W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia. 


In several species the parathyroid glands 
of female animals have been reported to be 
heavier than the male of equal body weight. 
These reports include data on rats(1-4), man 
(5,6), and Brown Leghorn fowls(7). In 
rabbits, goats(4) and bantams(8) no sex dif- 
ference was observed. The reported influ- 
ence of ovarian hormones on calcium metabol- 
ism has been variable. In the rat, estrogen 
has been reported to increase blood calcium 
(9,10), or have little or no effect(11-14). In 
the guinea pig no effect was observed(4). In 
rabbits, the reports varied from no effect(9, 
12,13,15) to decrease in blood calcium(16- 
18). In dogs, the reports vary from an in- 
crease(9,19,20) to no effect(12,21). In cat- 
tle a slight decrease in blood calcium was 
noted(22,23). These variable results may 
be due to the use of non-physiological doses 
of estrogen or to other unknown factors. The 
osteogenetic properties of estrogenic hormones 
in birds, mice and rats have been reported. 
A recent review of this literature has ap- 
peared(24). Recently, it was demonstrated 
in rats that after parathyroidectomy females 
lived longer than males(25). If, in addition 
to parathyroidectomy, the females were pre- 
viously ovariectomized, their life span was 
as short as the males(26,25), and if the males 
were treated with a small quantity of estra- 
diol, they lived as long as non-castrated fe- 
males(27). 

In the light of variable observations con- 
cerning the role of estrogenic hormone in 
calcium metabolism, it seemed desirable to 
extend the previous observations using Ca*? 
as a measure of effect of estrogen. 


* Contribution from Mo. Agr. Exp. Sta., Journal 
Series No. 1679. Approved by Director. Aided-in- 
part by grant from U. S. Atomic Energy Commis- 
sion. 

+ Fulbright Research Fellow, Italian Council of 
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Procedure. ‘Thirty-nine adult male albino 
rats were divided into 6 groups and treated 
as indicated (Table I). Prior to and during 
the experimental period the animals were fed 
a stock diet. All animals were housed in wide- 
mouthed glass jars which contained wire 
screens approximately 2 inches from the bot- 
tom and prevented the rats from eating their 
feces. Estradiol benzoate was injected sub- 
cutaneously daily, at a level of 82.5 yg in 
0.25 ml of sesame oil. Parathyroid extract 
was administered subcutaneously daily at a 
level of 50 U.S.P. parathyroid hormone units. 
Parathyroidectomized rats were treated for 
2 days post-operatively with Penicillin G. 
Ca**, in the form of CaCls, (specific activity 
>0.2 mc/g of Ca) was injected intraperi- 
toneally at total dosage of 2.65 yc/100 g body 
weight during 4 days. Considering radio- 
active decay each rat received a total of ap- 
proximately 20 to 28 mg of calcium/100 g 
body weight. Throughout all operational 
procedures of parathyroidectomy or of blood 
sampling the anesthetic was chloroform. The 
animals were killed 2 days after last injection 
by exsanguination from the left carotid ar- 
tery. After centrifugation of the clotted 
blood 2 aliquots of 0.5 ml of serum were dried 
in metal counting cups and _ radioactivity 
measured in duplicate. To measure radio- 
activity in bone, the right femur was carefully 
cleaned of muscular and tendinous tissue, 
weighed and completely digested (approxi- 
mately 24 hours) in 2 ml of hydrochloric acid 
(LAS csp. ot, 37%, HCl). ~The disest owas 
filtered through glass wool and the filtrates 
diluted to 10 ml with distilled water which 
had been used to wash the digestion flask and 
digest retained on glass wool. From this so- 
lution 3-1 ml aliquots were dried in glass 
counting cups and the radioactivity of the fe- 
mur measured in triplicate. Corrections were 
not made for sample self-absorption. 


Results. Mean values in counts per min- 
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TABLE I. Radioactivity of Serum and Bones of Male Rats Injected with Ca for 4 Days. 


Serum, mean 


Bone, mean 
count/min./ml 


count/min./g 


Group Treatment (+ 8.D.) GES-D») 
1 Control (8)t 21168 + 4143.9 199+ 42.1 
2 Estradiol (8) 90233 + 3454.8 1344-4 61.5 
3 Parathyroidectomy (6) *16954 + 2082.0 1744 52.4 
4 7 + estradiol (7) — 17309 3691.6 +300 + 113.4 
5 Parathyroid extract (4) +12602 + 1003.6 yale ollsil 
6 " » A estradiol (6)  *16076+ 2607.2 257-4 74.4 
*P <0.05. +P <0.01. t No. of animals in group. 


ute and their standard deviations (co) for 
bone and serum are presented (Table I). 
The difference in the amount of Ca*®? found 
in bone of estrogen-treated and control groups 
was not significant. 

After parathyroidectomy the amount of 
Ca*> present in bone was decreased (P<0.05) 
confirming the results of Talmage e¢ al.(28) 
who reported a significant decrease in rate of 
calcium turnover in the absence of parathy- 
roids. Although not significant, injection of 
estrogen tended to increase the uptake of 
Ca*® in parathyroidectomized animals. 

Administration of parathyroid extract 
caused a significant (P<0.01) decrease in the 
amount of Ca** present in bone. Employing 
autoradiographic technic, Talmage et al.(28) 
similarly found that 24 hours after treatment 
with parathormone there was a detectable 
amount of Ca*®? removed from the bone. 

Comparison of Groups 1, 5 and 6 demon- 
strates that when estrogen is administered to 
rats receiving parathyroid extract, there was a 
tendency to inhibit removal, or induce deposi- 
tion of Ca*® in bone. Inhibition of parathor- 
mone action on bone demineralization was 
not complete as seen by the fact that the dif- 
ference between the controls and group(6) 
treated with both hormones was still signifi- 
cant (P<0.05). 

Following treatment with estradiol the 
amount of Ca*® still present in serum at the 
time the rats were killed was significantly 
higher than in the control group (P<0.01). 
Although this confirms the findings of Man- 
unta(29) who reported that in rats treated 
with synthetic estrogens there was a signifi- 
cant decrease in urinary calcium, it is con- 
trary to the results of other workers who 
found no difference in serum calcium levels of 


rats similarly treated. Re-examination of 
the controversial data showed results that 
were variable but still within the physiological 
range and non-significant. It is believed that 
the different results are due to the different 
procedures used and sensitivity of methods. 
To test the sensitivity of the method an im 
vitro technic was employed. To normal blood 
serum sufficient Cat? and Ca*? was added to 
raise the calcium level 1 mg. The radio- 
activity of serum was 1.216 puc/ml. With 
the apparatus used this gave 180 counts /min- 
ute/ml. It is evident that this method allows 
measurements of slight differences in serum 
Ca? levels. 

In the  parathyroidectomized - estrogen- 
treated group Ca* was higher in blood and 
the differences statistically different from con- 
trol and parathyroidectomized groups. The 
latter group had a lower amount of serum 
Ca*®, but it was not statistically different from 
the controls, probably because of a continu- 
ous removal from the bone. 

It has been known and recently reaffirmed 
(28,30) that parathyroid extract causes a rise 
in serum calcium. Under the same treatment 
(Group 5) a non-significant decrease was 
found. This is not interpreted as a lack of 
hypercalcemia, but as a prompt excretion of 
Ca*’. The simultaneous treatment with es- 
trogen tended to increase the serum level of 
Ca* (Group 6). 

The present experiment supports the belief 
that estrogen acts independent of the para- 
thyroids to influence calcium metabolism in 
bone and serum. From these observations it 
appears that the 2 hormones may be antag- 
onistic in some aspects of calcium metabolism, 
and a proper balance is necessary for normal 
calcium equilibrium. If the estrogenic action 
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is pronounced, calcium deposition takes place 
in bones in greater amount and the excretion 
of this element is decreased. When the para- 
thyroidal secretion predominates, calcium ex- 
cretion is increased but may be retarded by 
estrogen. Estrogen also increases the absorp- 
tion of calcium from the gut (Dallemagne et 
al.)(30), and parathyroidectomy or estro- 
genic treatment influences the proteins bind- 
ing capacity of calcium in blood serum(31). 


Summary. Administration of estrogen to 
normal male rats increased the radioactivity 
of blood serum following Ca*> injection, 
whereas bone remained unchanged. Para- 
thyroid extract depressed radioactivity of 
both bone and blood serum but when estrogen 
was given in addition radioactivity was in- 
creased in both. Parathyroidectomy de- 
pressed the radioactivity of bones and serum 
but estrogen again increased the radioactivity 
of bones slightly and serum significantly. 
These data indicate that estrogen plays a role 
in calcium metabolism independent of the 
parathyroid hormone in aiding retention of 
calcium. 
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Metabolism of Ca‘® in Blood, Bones, and Young of Lactating Rats itreates 
with Estradiol.* (23088) 


GIOVANNI MANuNTA,t JACK SAROFF AND CHARLES W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia. 


In dairy cattle, with the rise in milk secre- 
tion following parturition, a condition known 
as “milk fever” or “parturient-paresis” may 
occur. In these animals both serum calcium 
and phosphorus are low with the result that 
the animal passes into a state of coma. In- 
jection of calcium salt brings about rapid and 
dramatic recovery. The cause of this condi- 
tion has been attributed to rapid withdrawal 
of blood calcium and phosphorus in synthe- 
sis of milk by the mammary gland before the 
parathyroid hormone secretion rate can in- 
crease to meet the greatly increased need of 
calcium by the mammary glands(1). In the 
previous study(2), the data indicated that 
estrogen may play a more important role in 
mobilizing serum calcium than had been ap- 
preciated previously. It is well known that 
increasing amounts of estrogen are secreted 
with the advance of pregnancy in dairy cat- 
tle and other mammals(3). However, fol- 
lowing parturition and removal of the pla- 
centa, the secretion of estrogen (as shown by 
the excretion of estrogen in the urine and 
feces) is greatly reduced. 

It seemed of interest, therefore, to study 
the calcium metabolism of normal lactating 
rats and compare them with similar lactating 
rats injected daily with an amount of estro- 
gen estimated to equal that secreted in late 
pregnancy (4). 

Procedure. Twelve pregnant albino rats 
were used. During the pre- and post-partum 
period, the animals were fed as previously de- 
scribed(2). As soon as possible after par- 
turition (1-10 hours) the number of suck- 
lings was reduced to 6. Six mothers were 
kept as controls and 6 received daily sub- 
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cutaneous injections for 4 days of 1.5 yg of 
estradiol benzoate in 0.35 ml of olive oil. All 
mothers were injected intraperitoneally with 
total dose of 2.65 yc of Cat*?/100 g body 
weight, in the form of CaClz (Specific activ- 
ity >0.2 mc/g of Ca) over a 3 day period, 
starting on day of parturition. The daily 
gain in litter weights was recorded. Five days 
after parturition the mothers were killed by 
exsanguination from the left carotid artery. 
Blood and bones were treated as previously 
described(2). The offspring were eviscerated 
to eliminate variation in radioactivity that 
might be due to difference in amounts of milk 
present in the digestive system. Each new- 
born was digested in 5 ml hydrochloric acid. 
The filtrate was diluted to 25 ml with dis- 
tilled water as described for bone, and 2 ali- 
quots of each solution (1 newborn) measured 
for radioactivity. An effort was made to 
match the weights of the 2 groups of mothers. 
Corrections were not made for sample self-ab- 
sorption. The im vitro addition of 17 uc of 
Ca*t® to 1 ml of normal digested femur of 
0.750 g (same procedure as above) gave 
10,400 scintillations/minute. 

Results. Average gain in weight of litters 
in the 2 groups was similar, indicating that es- 
trogen did not influence secretion of milk ad- 
versely (Table I). Data for control and es- 
trogen-treated groups show that radioactivity 
(Ca*®) in both serum and bone of the treated 
group was significantly higher than the con- 
trols. It would appear that in spite of intense 
lactation and rapid withdrawal of Ca*® in the 
milk, estrogen favorably influenced retention 
of Ca in the bones and in the blood serum as 
shown in our previous work(2). However, 
in the male rat the retention of Ca*® in bones 
was about twice as great as in the lactating 
female even though the amount of Ca* in- 
jected was relatively higher. The radioac- 
tivity in blood serum in lactating animals 
was much lower also as compared to the male. 
These differences between male and lactating 
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TABLE I. Effect of Estradiol upon Calcium Me- 
tabolism of Lactating Rats Injected with Ca*. 
(Animals sacrificed on 5th day of lactation.) 


ee eee ee ee eee 
eo 


Radio- 

Serum Bone activity 

Body wt, count, count, Gain count/ 
g min./ml min./g wt,g min./g 


Control mothers Litters of 6 


255 55 7579 20.0 7737 
236 60 8608 18.0 7002 
196 48 7789 18.0 8747 
176 41 9950 22.5 6803 
166 50 7679 20.5 6639 
146 Do 10192 17.0 5847 
Avg 195.8 Il 8632 19.3 7129 
Estrogen-treated 
mothers Litters of 6 
238 81 11839 28.0 7563 
213 84 8525 22.8 7815 
191 68 13694 18.7 5969 
166 74 19227 ee 5639 
164 73 12660 16.6 8167 
144 72 16666 PLO 6219 
Avg 186.0 75 12676 19.8 
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female are due to the large amounts of cal- 
cium secreted in the milk. 

Due to greater retention of Ca*® in the lac- 
tating rat treated with estrogen, it might 
have been expected that litters from treated 
groups would have shown lower radioactivity. 
However, the differences were slight. The 
lack of difference between the two groups 
may be due to adequacy of the calcium in 
milk in either group or it might be due, in 
part, to the presence of estrogen in milk which 
might favorably influence the retention of 
calcium in the nurslings. 

Radioactivity in one femur represented 8% 
of total radioactivity in the body. The 
amount of radioactivity in the total litter was 
higher than that of the mother. 

Discussion. The present experiment in 
conjunction with previous observations(2) 
suggests that estrogen plays a role in calcium 
metabolism hitherto unsuspected. Estrogen 
aids in the maintenance of higher levels of 
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Ca*? in the blood and in lactating rats per- 
mitted greater deposition of calcium in bones 
in spite of great withdrawal of calcium in the 
milk. The mechanism of its action is not 
known but the observations suggest the pos- 
sibilities of a higher renal or fecal threshold 
for calcium. Since Ca*® was injected intra- 
peritoneally, effect of estrogen upon calcium 
absorption in the digestive tract was elim- 
inated. 


If estrogen has a similar effect upon cal- 
cium metabolism of the dairy cow, adminis- 
tration of estrogen post-partum to maintain 
the estrogen level at that time might aid in 
prevention of parturient paresis caused by the 
rapid decline in blood calcium associated 
with increasing milk secretion. 


Summary. Estrogen, in an amount esti- 
mated to equal that secreted in late preg- 
nancy, was injected daily into lactating rats 
for 4 days along with Ca*®. On the Sth day, 
radioactivity of blood serum, bones and 
young was compared to a similar group of lac- 
tating rats not treated with estrogen. Average 
gain in weight of the litters of the 2 groups 
was similar. However, radioactivity in se- 
rum and bones of treated group was signifi- 
cantly higher than in the controls. The ra- 
dioactivity in litters of the 2 groups was 
similar. These data indicate that estrogen 
plays a role in the retention of calcium by 
the animal body. 
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Maintenance of a normal level of ionic 
calcium in body fluids is of great biological 
importance. Blood calcium exists in a dif- 
fusible and non-diffusible state, the former 
being biologically active and the latter bound 
to the plasma proteins. Equilibrium between 
ionized and non-ionized calcium is influenced 
by pH, diffusible calcium decreases with in- 
creased pH(1,2). The parathyroid hormone 
tends to increase the ionized calcium(3), 
whereas, estrogen increases the protein-bound 
calcium(4). These hormones may act to in- 
fluence the calcium binding properties of the 
different plasma proteins. Visek e¢ al.(5) 
presented evidence that Ca*® added to serum 
was readily interchangeable with the Ca‘? 
present, and within a few minutes equilibrium 
was attained. Some investigators have used 
this technic to study electrophoretically the 
components responsible for calcium binding. 
Electrophoresis of cattle blood to which had 
been added Ca*® failed to show the existence 
of a blood fraction of higher than average spe- 
cific activity(6). Clegg e¢ al.(7) added Ca*® 
to the buffer solution used to dilute the serum 
before dialysis in an effort to increase the 
Ca-proteinate. In normal animals they found 
Ca*® bound to albumin; in the sera of di- 
ethylstilbestrol-treated cockerels addition of 
Ca*® reduced mobility of the leading compon- 
ent (albumin) which migrated to the area 
considered to represent the £-globulin frac- 
tion. This behavior is not clear. If addition 
of Ca*® results only in an interchange of Ca*® 
and Ca**(5), and the addition of calcium 
scarcely increases the amount of Ca-protein- 
ate(8), then the results of Clegg e¢ al.(7) 
may be an artifact attributable to the pro- 
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cedure. This report concerns the same prob- 
lem modified by in vivo injection of Ca*® prior 
to paper electrophoresis of blood sera of nor- 
mal, parathyroidectomized and/or estrogen- 
treated rats. 

Materials and methods. Twenty-nine adult 
male albino rats were divided into 4 groups 
and subjected to the following treatments: 
The control group of 8 rats received a total 
dosage of 2.65 yc of Ca* in the form of CaCl. 
(specific activity >0.2 mc/g Ca)/100 g body 
weight, intraperitoneally for 4 days and sac- 
rificed on the sixth day. The second group of 
8 rats were injected subcutaneously for 7 days 
with estradiol benzoate, at daily dosage of 
82.5 pg in 0.25 ml of sesame oil. The third 
group of 6 rats were parathyroidectomized 
(chloroform anesthesia). Group four (7 rats) 
were parathyroidectomized and treated simi- 
lar to Group 2 with estradiol benzoate. The 
animals in Groups 2 to 4 received Ca*® during 
3d to 7th days in the same dosage as con- 
trols before being sacrificed on eighth day. 
All animals were bled to death (chloroform 
anesthesia) from the left carotid artery. The 
sandwich technic of paper electrophoresis was 
employed on samples of 0.5 ml of fresh, un- 
diluted sera using filter paper (Whatman No. 
4) with a cross section of 2.5 inches and an 
electric field length of 11 inches. The D.C. 
applied was 7 milliamperes for 12 hours. 
Veronal solution with pH of 8.6 and molarity 
of 0.015 for the acid and 0.07 for the salt, was 
the buffer. After electrophoresis the strip 
was rapidly dried on horizontal rack for 30 
minutes at temperature of 120° to 130°C. 
Seven disks 1 inch in diameter were cut in 
series from the paper strip for measuring ra- 
dioactivity. The remainder of paper strip 
was stained in the normal manner (brom- 
phenol blue) for observation of protein frac- 
tions. Sera samples were not dialyzed since 
the migration rates between calcium ions and 
protein were sufficient to separate one from 
the other. It was necessary to measure ra- 
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dioactivity before staining because the pro- 
cedure (in acid medium) dissolved the cal- 
cium from the paper strip. Radioactivity 
was determined by scintillation detector em- 
ploying a cylindrical anthracene crystal 2.5 
cm in diameter, coupled to a photomultiplier 
tube and decade scaler. The distance between 
the anthracene crystal and paper disk sam- 
ples was less than 1 mm. 


Results. The sandwich technic of paper 
electrophoresis imposes definite limitations, 
nevertheless it is valid to conclude from the 
results obtained that the ionized calcium 
migrated at a greater rate than the albumin. 
In the sera of normal animals the various pro- 
tein fractions contained different amounts of 
Ca**; the highest amounts were found in al- 
bumin and a-globulin. After parathyroidec- 
tomy there was a tendency for the amount of 
Ca*® bound to the albumin to decrease and 
the amount in the a-globulin to increase. In 
the group of estrogen-treated rats most of 
the Ca*® was in the @- and gamma-globulin 
components. Variations occurred in the para- 
thyroidectomized - estrogen - treated group; 
highest amounts of Ca*® were found in either 
the albumin, a- or 8-globulin fractions. 

The present results differ from those of 
previous investigators. This may be due to 
the technic used or to species difference. Con- 
cerning the relationship between ionized and 
non-ionized calcium, McLean and Hastings 
(9) believe that Ca-proteinate behaves as a 
weak electrolyte and that a simple mass law 
equation expresses the relationship between 
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these forms. If this is true for a single Ca- 
proteinate, it may not be valid for calcium 
binding in a complex system of proteins with 
different affinities and changing ratios in the 
sera of normal and experimental animals. 

Summary. (1) In the normal rat most of 
the Ca*® is bound to albumin and a-globulin. 
(2) After parathyroidectomy the Ca*®> de- 
creases in the albumin and increases in the 
a-globulin fraction. (3) In animals treated 
with estrogen most of the Ca*® was present 
in the B and gamma-globulin components. 
(4) In the _ parathyroidectomized-estrogen- 
treated animals highest amounts of Cat? were 
found in either albumin, a- or 6-globulin frac- 
tions. 
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Sensitivity to Analogs of Thiamine Pyrimidine Associated with Resistance 
To Amethopterin or Purine Antagonists.*t (23090) 


Ropert GUTHRIE, Mauve E. Lorpeck AND MariLyn J. HILLMAN 
(Introduced by Erwin Neter) 
Roswell Park Memorial Institute, N. Y. State Department of Health, Buffalo, N. Y. 


Law(1) reported that certain lines of leu- 
kemia in mice became more sensitive to ame- 
thopterin when resistance to 6-mercaptopur- 
ine (6-MP) developed, or when resistant to, 
or “dependent” upon, 8-azaguanine (8-AG). 
Szybalski and Bryson(2) observed an in- 
stance of mutation in Escherichia coli wherein 
increased resistance to one antibiotic was as- 
sociated with increased sensitivity to a sec- 
ond. They designated this phenomenon ‘“‘col- 
lateral sensitivity.” Subsequently, Elion, e¢ 
al.(3) found a 2-6-diaminopurine-resistant 
strain of Lactobacillus casei that possessed 
increased sensitivity to 6-MP. Elion and 
Hitchings reported a 6-MP-resistant strain of 
L. casei with increased sensitivity to ame- 
thopterin, and conversely Hutchison and 
Burchenal(4) observed collateral sensitivity 
to 6-MP in an amethopterin-resistant Strepto- 
coccus fecalis strain. Schabel, Wheeler and 
Skipper reported that an azaserine-resistant 
strain of /. coli was more sensitive than the 
parent to 6-MP and diaminobiuret, and that 
a sulfanilamide-resistant strain showed col- 
lateral sensitivity to 6-chloropurine, 8-AG or 
purine. 

The phenomena of collateral sensitivity 
and cross resistance have been used in this 
laboratory to screen compounds of potential 
interest in cancer chemotherapy. Since ame- 
thopterin and 6-MP are of interest in clinical 
acute leukemia, and resistance to them appar- 
ently arises in leukemic cells of rodents and 
humans, mutant organisms resistant to these 
two antimetabolites served as a “collateral 
sensitivity screen.” 


Materials and methods. Several amethop- 
terin-resistant mutants were isolated from 
populations of the parent, Bacillus subtilis 


* This investigation was supported, in part, by 
research grant from U. S. Public Health Service. 

t Preliminary report presented at annual meeting 
of Soc. Am. Bact., Houston, Texas, May 2, 1956. 


ATCC 6051, and from a purineless auxotroph, 
B. subtilis 6051-9. Mutants resistant to 6- 
MP were isolated from a purine-requiring &. 
coli strain, 9661-01 (P-)(5). From cultures 
of the 6-MP-resistant organisms, 2 mutant 
strains were isolated that were resistant si- 
multaneously to 8-AG, 6-thioguanine (6-TG) 
and 6-MP. In all cases, drug-resistant mu- 
tants were isolated from solid agar media by 
incorporating large populations of the sensi- 
tive parent into minimal agar medium con- 
taining the drug, incubating, and sub-cultur- 
ing discrete colonies that appeared. Using 
these resistant strains, 245 compounds were 
tested, including 175 pyrimidines, 22 purines, 
5 sulfonamides, 2 antibiotics, 24 naturally 
occurring amino acids, azaserine and 16 mis- 
cellaneous compounds. Each compound was 
tested alone and also in combination with 
amethopterin or 6-MP, to detect possible syn- 
ergistic effects. Any compound that produced 
growth-inhibition upon initial screening 
against resistant mutants was tested again 
upon the parent organism and the resistant 
mutant, under identical conditions, to com- 
pare sensitivity of parent and mutant. If the 
amethopterin- or 6-MP-resistant mutant con- 
sistently showed greater sensitivity to the 
test compound than the parent in 3 or more 
replicate experiments, the resistant strain was 
considered to possess collateral sensitivity to 
the test compound. The  agar-diffusion 
method was used for routine testing. Two dif- 
ferent minimal, chemically-defined agar me- 
dia, one for each bacterial species(5) were 
homogeneously seeded with the test organism 
and distributed in Petri dishes. Each com- 
pound was tested by impregnating filter pa- 
per discs (12.7 mm diameter) with solutions 
containing approximately 0.5 »M and placing 
them upon the surface of the agar. The width 
of inhibitory zone, if any, as well as com- 
pleteness of inhibition within the zone, was 
noted. In growth experiments with B. sub- 
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TABLE I. Collateral Sensitivity to Amethopterin 

and to Certain Analogs of Thiamine Pyrimidine 

Exhibited by an Escherichia coli Mutant Resistant 

to 3 Purine Antagonists.* No inhibition was found 
in parent strain. 


mm diam, in- 


Compound tested t hibition zone 


Rt Xt Mutant 
We HS- Os! 0 
2. CH,S-— —-OH 34 
3. CH,CH,S— -OH 0 
4. CH,S-— —OCH.CH, 30 
5. CH,CH.S— —Cl 34 
6. HO — =Nis 34 
(fe Amethopterin 36 


*6-mercaptopurine, 8-azaguanine, 6-thioguanine. 

+ 0.05 ce of M/100 sol. impregnated in 12.7 mm 
paper dise, placed upon agar surface. 

¢ 2-R-4-amino-5-Xmethyl pyrimidine. 


tilis in liquid medium, agar was omitted but 
otherwise the same minimal medium was used. 
The medium was distributed in 6 cc amounts 
in culture tubes of convenient size (18 x 150 
mm) for use in determination of optical den- 
sity. These tubes were placed in a slanted 
position upon the platform of a rotary shaker. 
These conditions had been previously demon- 
strated to give adequate aerobiosis. 

Results. In the course of testing growth 
inhibitory effects of 239 compounds against 
resistant mutants, only one compound, ame- 
thopterin, produced greater inhibition of a 
drug-resistant mutant than for the parent 
(collateral sensitivity). Two E. coli mutants, 
resistant to purine-antagonists, were more 
sensitive than the parent strain to amethop- 
terin. This is shown for one mutant in Table 
I. Subsequently, a second case of collateral 
sensitivity was demonstrated for amethop- 
terin-resistant mutants of B. subtilis in the 
following manner. It was observed that 2- 
methyl - 4-amino - 5-aminomethyl pyrimidine 
(2-CH;-AAMP), the pyrimidine moiety of 
thiamine, inhibited B. subtilis 6051-9/A-1, a 
purine-requiring, amethopterin-resistant, dou- 
ble-mutant. When the medium was supple- 
mented with amethopterin, however, the in- 
hibitory effect was prevented. Because of this 
unexpected finding, the effect of 2-CHs;- 
AAMP upon amethopterin-inhibition of the 
wild-type parent was tested. This pyrimidine 
was found to block amethopterin-inhibition in 
this organism completely. Subsequently, 
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studies of thiamine and cocarboxylase re- 
vealed these metabolites to be effective in 
preventing amethopterin-inhibition. 


Because of these results, 6 analogs of the 
thiamine pyrimidine were obtained! and 
tested. All of these produced growth-inhibi- 
tion of various strains of B. subtilis or E. coli 
that could be specifically blocked by thiamine 
pyrimidine. Results of attempts to. demon- 
strate collateral sensitivity with these com- 
pounds are shown in Tables I and II. Three 
analogs of the pyrimidine moiety of thiamine, 
compounds 2, 4 and 5 in Table I, were the 
only compounds for which significant col- 
lateral sensitivity was found for both B. sub- 
tilis strains resistant to amethopterin, and 
for an E, coli strain resistant to certain pur- 
ine antagonists. Compound 1 and 3 elicited 
collateral sensitivity in the B. subtilis strains 
only. Collateral sensitivity to compound 2 
in two amethopterin-resistant B. subtilis mu- 


TABLE II. Collateral Sensitivity to 2-CH,S- 
AHMP* in 2 Amethopterin-Resistant B. subtilis 
Mutants. 

Optical % inhi- 
Strain Supplement densityt bition 
6051 (parent) 49 r 
Ameth.t AD 87 
2-CH;S-AHMP* 39 18 
6051/A-2 67 
Ameth. 68 0 
2-CH,S-AHMP ll) 70 
6051/A-3 64 
Ameth. 63 3.8 
2-CH,S-AHMP 23 63 


* 2-methylmercapto-4-amino-5-hydroxymethyl py- 
rimidine, 10° M. 

+ Amethopterin, 10° M. 

{ Optical density of culture medium. Avg four 
consecutive experiments. Growth 16 hr on rotary 
shaker at 25°C. 


¢{ Thiamine pyrimidine analogs were obtained 
through kindness of following workers: (1) 2- 
methylmercapto-4-amino-5-hydroxymethyl — pyrimi- 
dine, from Dr. J. Gots. Prepared by Ulbricht and 
Price(6); (2) 2-mercapto-4-amino-5-hydroxymethy] 
pyrimidine, and (3) 2-ethylmercapto-4-amino-5- 
hydroxymethyl pyrimidine, from Dr. C. C. Stock; 
(4) 2-methylmercapto-4-amino-5-ethoxymethyl py- 
rimidine, Dr. J. Hoover; (5) 2-ethylmercapto-4- 
amino-5-chloromethyl pyrimidine, and (6) 2-hy- 
droxy-4-amino-5-aminomethyl pyrimidine, from Dr. 
J. M. Sprague. 
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tants is demonstrated in Table II. One of 
the 6 pyrimidines, 2-hydroxy-4-amino-S- 
aminomethyl pyrimidine (2-HO-AAMP), dif- 
fered from the others. Although growth of 
parent strain of B. subtilis was inhibited by 
this compound, none of the amethopterin- 
resistant mutants were sensitive to it, but in- 
stead showed cross-resistance, the converse of 
collateral sensitivity. Yet, the Z. coli mutant 
resistant to 3 purine antagonists demon- 
strated collateral sensitivity to 2-HO-AAMP 
(Table I). These results indicate that one 
cannot predict from the effects of a pair of 
antimetabolites in one biological system, 
whether cross-resistance or collateral sensi- 
tivity will be demonstrated in a second sys- 
tem. 


It is noteworthy that the only other com- 
pound for which £. coli strains resistant to 
purine antagonists exhibited collateral sensi- 
tivity was amethopterin, an antimetabolite of 
demonstrated value in acute leukemia. The 
results reported here support the view that, at 
least in some cases, collateral sensitivity to a 
second drug accompanying resistance to a 
first drug, has its basis in rather close meta- 
bolic relationships between metabolic targets 
of the two drugs. In this respect, the phe- 
nomenon is closely related to the inverse phe- 
nomenon of cross-resistance. The discovery 
of collateral sensitivity in both 6-MP and 
amethopterin-resistant mutant organisms for 
several members of a new series of pyrimi- 
dines, all analogs of the pyrimidine 
moiety of thiamine, permits new experiments 
in two directions. Work is in progress to 
assess the value of these pyrimidines 
in animal neoplasms where the effects of 
6-MP and amethopterin are known, and 
where resistance to these agents has been es- 
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tablished. 
preliminary experiments has been found to 
retard significantly leukemia and carcinoma 
in mice. Elucidation of biochemical path- 
ways relating the folic acid complex to thia- 
mine synthesis may follow from studies of 
the mode of action of amethopterin and of the 
thiamine pyrimidine analogs in B. subtilis 
and £. coli. Such studies have been initiated 
in this laboratory. 


Summary. A microbiological method for 
biochemical screening of compounds of poten- 
tial interest in the chemotherapy of leukemia, 
using mutants of B. subtilis resistant to ame- 
thopterin and £. coli mutants resistant to pur- 
ine-antagonists, has been described. Greater 
growth suppression by a test compound in the 
resistant strain, when contrasted to the par- 
ent strain, has been sought (collateral sensi- 
tivity). This phenomenon of collateral sen- 
sitivity has been observed for several chemi- 
cal analogs of the pyrimidine moiety of thia- 
mine. Possible significance of these findings 
for studies in intermediary metabolism and 
for cancer chemotherapy has been discussed. 
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Cultivation in Tissue-Culture of Cytopathogenic Agent from Bovine 


Mucosal Disease.* 


(23091) 


N. R. UNDERDAHL, O. D. Grace, AND A. B. HoERLEIN 
(Introduced by Carl E. Georgi) 
Department of Animal Pathology, University of Nebraska. 


Since 1951 bovine mucosal disease has been 
reported from 20 states and Canada. Because 
the symptoms of mucosal disease are similar 
to those of other virus diseases it is believed 
that many cases are not diagnosed. The dis- 
ease is characterized by ulceration of mucous 
membranes of oral cavity and of the digestive 
tract, increased temperature, nasal and lachry- 
mal discharges, and diarrhea. Mucosal dis- 
ease as seen in field cases has a characteristic 
morbidity of 2-10% with case mortality of 
95%. The etiology of the disease is unknown. 
Ramsey(1) and Pritchard(2) showed that 
transmission studies made in cattle using 
macerated tissues and whole blood were in- 
conclusive. Preliminary studies here pre- 
sented suggest the difficulty in finding ex- 
perimental animals without some degree of 
immunity. 

To date nothing has been reported in the 
literature on tissue-culture isolations of agents 
from cattle with mucosal disease. This is a 
report of 2 isolations from material obtained 
from tissues from cases of bovine mucosal dis- 
ease and a study of some characteristics of 
these viruses. 


Materials and methods. Bovine kidney 
cells used for tissue-cultures were obtained 
from fetuses 12-15 inches long. Kidney tis- 
sues were trypsinized and prepared according 
to the method of Young e¢ al.(3). The cells 
were started on medium containing 20% adult 
bovine serum (BoA) and 0.5% lactalbumin 
hydrolysate (LA) in Hanks’(6)(H) balanced 
salt solution. Penicillin (100 units) and 
streptomycin (100 »g)/ml were added to all 
basal media. Tissues were cultivated in Py- 
rex tubes (12 x 75 mm) each containing a 


* Published with approval of Director as paper 
No. 799 Journal Series, Nebraska Agri. Exp. Station. 
Studies were made possible through support, in part, 
from U.S.P.H.S., Nat. Inst. of Allergy and Infec- 
tious Diseases. 


coverslip (Corning 8 x 22 mm), and sealed 
with No. 00 silicone stopper. The tubes were 
seeded with approximately one million kidney 
cells in one ml of medium (BoA 20% + 
LA +H), placed in horizontal rack at 12° 
angle, and incubated at 37°C. Tissue cultures 
were inoculated with the virus material after 
incubating one week. To remove any anti- 
bodies present from the adult bovine serum 
used for initial growth, the tissue cultures 
were washed with medium (BoN 5% + 
LA + H) prepared with antibody-free serum. 
This serum was obtained from a newborn calf 
which had never nursed. After the second 
wash the medium was removed and replaced 
with one ml of BoN 5% + LA -+ H in which 
the appropriate dilution of virus was sus- 
pended. The cultures were again incubated 
at 12° angle and 37°C. Virus materials were 
obtained from 2 sources: M-833, a pool of tis- 
sues from a mucosal disease outbreak in cen- 
tral Nebraska herd(4) and ISC-1, a pool of 
lymph nodes obtained from animal with 
mucosal disease from Iowa herd(5). In prep- 
aration for inoculation, tissues were minced 
with washed ground glass (Pyrex) in mortar 
and diluted 1:10 with BoN 5% +LA+ H. 
This material was then centrifuged at 3000 
rpm for 30 minutes at 4°C. The supernatant 
was then withdrawn and treated with 1000 
units of penicillin and 1000 pg streptomycin/ 
ml for one hour at 4°C. Following this treat- 
ment a final dilution of 1:100 with BoN 5% 
+ LA + H was prepared for inoculating the 
washed tissue cultures. In preparation for 
transfer of the virus from the tissue cul- 
tures (5th-7th day), approximately 0.5 g of 
sterile ground glass was added to each tube. 
The cultures were then shaken for 10 min- 
utes to disrupt the cells. The supernatant 
was removed with capillary pipette, treated 
with 1000 units of penicillin and 1000 pg 
streptomycin, and centrifuged at 3000 rpm 
for 30 minutes at 4°C. The supernatant ma- 
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Photomicrographs of May-Griinwald-Giemsa stained bovine kidney tissues. 


CYTOPATHOGENIC AGENT FROM Mucosal DISEASE 


(A) Normal 


tissue 12 day control, (B) tissue 12 days following inoculation with virus strain M-833, (C) 
tissue 13 days following inoculation with virus strain ISC-1. 


terial was either quick frozen and stored at 
~20°C or diluted 1:100 with BoN 5% + 
LA + H for reinoculation into washed tissue 
cultures. The cultures were examined mi- 
croscopically for cytopathogenic changes by 
viewing living cells on tube wall and cover- 
slip. When the cell changes were noted the 
coverslip was removed aseptically with the 
split end of a sterile applicator stick, stained 
by the May-Griinwald-Giemsa method(6), 
and permanently mounted on slide. 

Results. Following 7-10 days incubation 
of virus and tissue, cytopathogenic changes 
were apparent. These changes started with 
small vacuoles forming within the cells and 
increasing in size until the cell disintegrated 
on about 10th-14th day. Fig. 1 shows 
photomicrographs of May-Griinwald-Giemsa 
stained tissues. Identity is as follows: (A) 
Normal tissue control stained 12 days after 
washing and feeding with BoN 5% + LA + 
H. This layer, composed mainly of epithelial 
cells, covered entire coverslip and was typical 
of growth obtained with bovine embryonic 
kidney cells; (B) and (C) Bovine kidney 
cells inoculated with virus strains M-833 and 
ISC-1. Both of these virus strains have the 
same general pattern of attack. These typi- 
cal photographs show large areas of cell de- 
struction which is followed by further disinte- 
gration until all of the tissue is completely 
destroyed. 


Preliminary studies with virus strain M- 
833 show that it has an 11th passage titer of 
10° (total accumulated dilution titer 10), 
is inactivated over 50°C for 15 minutes, and 
will pass 03 Selas filter. Serial passages in an 
attempt to adapt the virus to 7-day embry- 
onated chicken eggs by yolk sac inoculations 
were negative. The virus strain ISC-1 was 
also inactivated by temperatures over 50°C 
for 15 minutes and passed an 03 Selas filter. 
During primary isolation of strain M-833, 3 
unrelated viruses and a tissue control were 
also serially passed in kidney tissue cultures 
from the same fetus. None of these developed 
cytopathogenic changes, alleviating the possi- 
bility that the agent was isolated from the kid- 
ney tissue. Strain ISC-1 was isolated later 
using kidney cells from a different fetus. 

Serological studies were done in sheep with 
virus strain M-833 sixth passage material. 
Two sheep were each given one ml of the virus 
tissue culture supernatant material intra- 
venously at weekly intervals for 3 weeks. The 
sheep were bled prior to initial inoculation 
with virus and 3 weeks following final inocu- 
lation. The results are presented in Table I 
and indicate that virus strain M-833 stimu- 
lated formation of neutralizing antibodies. In 
cross-neutralizing tests the antibodies stimu- 
lated by M-833 were also capable of neutral- 
izing virus strain ISC-1. This suggests a re- 
lationship between the 2 strains. 
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TABLE I. Neutralization of M-833 and ISC-1 
Viruses by Serum from Sheep Immunized with 
M-833 Virus. 


-— Virus M-833—, >——Virus ISC-1—, 
Pre-in- Conval- Pre-in- © Conval- 
oculation* eseent* oculation* esecent* 


Sheep 1 45 ats fT. + = + 
iC + oe ue 


* All serums diluted 1:10. 

— = Antibody absent; + = Antibody in suffi- 
cient amounts to neutralize approximately 1000 in- 
fective doses of virus. 


A preliminary study of bovine serum sam- 
ples from 6 widely separated herds indicates 
that antibodies capable of neutralizing this 
agent are common in herds having no history 
or symptoms of mucosal disease. Formation 
of these neutralizing antibodies resulted from 
an infection of unknown etiology. Neutral- 
izing antibodies were generally not found in 
serum samples from younger range cattle. 

Although this viral agent was isolated from 
lesions of cattle having mucosal disease, the 
evidence presented does not prove it to be the 
causative agent of this disease. This proof 
can only be obtained by establishing the dis- 
ease with this virus in a susceptible calf. The 
presence of neutralizing antibodies in the 
calves available for experimentation makes it 
impossible to conduct a study of this type 
at the present time. Experimental work along 
these lines would, of necessity, require disease- 
free, antibody-devoid calves taken by caesar- 
otomy or hysterectomy and raised in strict 
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isolation or preferable in Horsfall-Bauer type 
units designed for calves. These experimental 
studies will be undertaken as soon as these 
conditions can be provided. 

Summary. Isolation and cultivation in tis- 
sue culture of a cytopathogenic agent recov- 
ered from tissues of cattle with mucosal dis- 
ease from 2 separated herds is reported. A 
homologous tissue culture system was used 
with bovine embryonic kidney cells and new- 
born, antibody-free calf serum. The virus 
was inactivated by temperatures above 50°C 
for 15 minutes, would pass an 03 Selas filter 
and had an 11th passage titer of 10°. In 
sheep, the virus stimulated formation of neu- 
tralizing antibodies. A preliminary neutraliza- 
tion study indicated that antibodies are com- 
mon in animals from herds having no previous 
history of mucosal disease. 
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Studies on Deoxyribosidic Growth Requirement of Lactobacillus 


acidophilus R-26. 


(23092) 


WALTER C. SCHNEIDER AND RICHARD L. PoTTER* 
(Introduced by A. J. Dalton) 
Nat. Cancer Inst., N1.H., Department of Health, Education and Welfare, Bethesda, and Atomic 
Energy Com. Biological Effects of Irradiation Laboratory, University of Michigan, Ann Arbor. 


Recent independent studies of acid soluble 
extracts of liver(1,2) and thymus(3) have 
demonstrated the presence of different types 
of deoxyribose compounds in these tissues. In 
liver, the nucleoside, deoxycytidine, was iso- 
lated and shown to account for an average 
of 92% of the total deoxyribosidic com- 
pounds present, while 5’ mono-, di-, and tri- 
phosphates of deoxycytidine and thymidine 
were isolated from thymus. The relative pro- 
portions of the latter compounds have not 
been established. Since in the study of liver, 
deoxyribosidic compounds were determined 
by growth of L. acidophilus R-26, the results 
were contingent upon specificity of the de- 
oxynucleosidic requirement of this organism. 
To resolve these differences, the ability of the 
organism to utilize di- and triphosphates of 
pyrimidine deoxynucleosides was tested. The 
results indicate that the organism was unable 
to grow in the presence of these compounds. 

Materials and methods. Ability of vari- 
ous deoxyribose containing compounds to 
support growth of the organism, L. acido- 
philus R-26, was determined essentially as 
described previously(1,4) using a modified 
medium suggested by Dr. E. Hoff-Jorgensen 
(personal communication). Pure thymidine 
served as standard growth supplement for this 
organism. Ability of other compounds to 
support growth was expressed in terms of 
micromoles of thymidine. The highest con- 
centration at which compounds with low ac- 
tivity were tested, however, was usually lim- 
ited to 100 times the concentration of pure 


* Supported by Atomic Energy Commission con- 
tract. 

t The following abbreviations will be used: TMP, 
TDP, and TTP, the 5’ mono-, di-, and triphosphates 
of thymidine; 3’,5’-TDP, thymidine 3’,5’ diphos- 
phate; D-CDP and D-CTP, the 5’ di- and triphos- 
phates of deoxycytidine; DNA, 
acid. 


deoxyribonucleic 


thymidine required to produce growth. Com- 
pounds tested for activity included the fol- 
lowing: commercial calcium TMP? and bar- 
jum 34 ‘5 -TDP,t TDP; TTP, -)-CoR and 
D-CTP isolated from thymus(2) or synthe- 
sized(5) using modifications of the method of 
Hall and Khorana(6), and 3 samples of 
TMP isolated from enzymic or acid hydroly- 
sates of TDP or TTP. Concentration of these 
compounds was calculated from absorption 
of neutral solutions at 260 my using the con- 
stant 8400 for thymidine containing solutions 
and 7400 for deoxycytidine containing solu- 
tions(7). Deoxyribose content of solutions 
was determined by the cysteine-sulfuric acid 
reaction(8). In our experience, the results 
with this method can vary as much as + 


TABLE I. Deoxyribose Content and Microbiologi- 
eal Activity of Deoxynucleotides. 


Microbiological 
aetivityt 
Method Deoxy- Before After 
of sterili- ribose hydrol- hydrol- 
Compound zation*  contentt ysis ysis§ 
TE A 81 13 69 
a FE 011 .69 
D-CTP F 86 <.005 95 
D-CDP F 87 .052 84 
TDP EF 78 48 67 
3’, 5’-TDP A 14 
a ay 055 
TMP|| A 1.02 
x A 88 94 
A 1.02 .88 
air A .68 83 
*A = autoclaving; F = filtration. 


t Micromoles/micromole nucleotide. 

{ Expressed as micromoles thymidine/micromole 
nucleotide. 

§ Hydrolysis was for 10 min. at 100° in 1 N HCl. 

|| Commercial sample; 100 + 3% pure. 

{| Isolated from apyrase hydrolysate of thymus 
LA gl gl oe . 

** Isolated from apyrase hydrolysate of thymus 
TDR: 

tt Isolated from acid soluble fraction of thy- 
mus, 


+ Obtained from California Foundation for Bio- 
chemical Research, Inc. 
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TABLE II. Deoxyribose and Phosphate Content and Microbiological Activity of Natural and 
Synthetic Deoxynucleotides. 
SS 


After sterilization by 


After hydrolysis in 
1N HCl 


filtration 
Ca eit ass erent 
Deoxyribose Tnorganic¢ Inorganic 
Compound* contentt Thymidine} phosphorus§ Thymidinet phosphorus$ 
TDP-I .93 silat 14 81 199 
eS 96 04 03 19 .96 
D-CDP-I 84 15 sili hi 89 
*akeS 1.01 02 .03 81 88 
TTP-I .98 <.01 061 Jay) 1.95 
> os QF af 099 83 1.98 
D-CTP-I .80 .088 82 iE 
7 -§ 1.00 2 .079 94 1.90 
TMP 95 SH 


* I — isolated from thymus; S — synthetic. 
mole nucleotide as measured microbiologically. 


measured by method of Soyenkoff(9). 


10%. Phosphorus was determined colori- 
metrically by the method of Soyenkoff(9). 


Results. Hoff-Jorgensen(4) demonstrated 
previously that the organism L. acidophilus 
R-26 would produce the same amount of 
growth when supplemented with equimolar 
amounts of any of the 5 known deoxynucleo- 
sides. On the basis of an experiment in which 
amount of growth obtained with a deoxyribo- 
nuclease digest of DNA was the same as its 
deoxynucleotide content, he also concluded 
that deoxynucleotides were utilized to the 
same extent by the organism as deoxynucleo- 
sides. Although the correctness of this con- 
clusion was placed in doubt by the experi- 
ments of Sinsheimer(10) which showed that 
deoxyribonuclease digests of DNA contained 
only 1% of their nucleotide content as simple 
mononucleotides, any of the pure natural de- 
oxynucleotides gave the same growth of the 
organism on a molar basis as the deoxynucleo- 
sides(1) (see also Tables I and II).§. 

In contrast to the ability of deoxynucleo- 
sides and deoxynucleotides to permit growth 
of L. acidophilus R-26, a sample of TTP iso- 
lated from thymus permitted only 13% as 
much growth as thymidine on the basis of 


§ In preliminary experiments with Dr. R. L. Sins- 
heimer, 2 dinucleotides isolated from a deoxyribo- 
nuclease digest of DNA gave the same growth as if 
the nucleotides they contained were completely 
utilized. These results and also results of tests of 
other polynucleotide components of deoxyribonu- 
clease digests of DNA will be reported later. 


t See Table I. ¢t Micromoles/micro- 
§ Micromoles/micromole nucleotide as 


nucleotide content (Table 1). Since the com- 
pound had been autoclaved with the medium 
in this experiment, and since triphosphate so- 
lutions are known to be unstable at elevated 
temperatures, the TTP solution was sterilized 
by filtration|| and added to the autoclaved 
medium. Under these conditions, the com- 
pound exhibited only 1.1% of the activity an- 
ticipated (Table I). A solution of sample of 
D-CTP had even less activity while D-CDP 
and commercial 3’, 5’-TDP had about 5% of 
the activity expected from their nucleotide 
content when sterilized by filtration. On the 
other hand, a sample of TDP isolated from 
thymus had 48% of the growth activity ex- 
pected after sterilization by filtration. The 
latter result was entirely unexpected since the 
other 4 di- or triphosphates gave much lower 
activity when tested under these conditions, 
and it was suspected that the thymus TDP 
had undergone extensive breakdown before it 
was tested. 

To determine whether phosphorylated de- 
oxynucleotides isolated from thymus had the 
potential to promote growth of L. acidophilus 
R-26, they were hydrolyzed in 1 N HCl to 
remove the labile phosphate groups. After 
this treatment, the compounds gave 67-95% 
of the activity expected from their nucleotide 
content (Table I). These values were in 
rough agreement with the deoxyribose content 
determined colorimetrically (Table I). 


|| Sterilization was carried out with ultra fine 
fritted glass filter (Corning No. 33992). 
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Although results of the experiments report- 
ed in Table I strongly suggested that deoxynu- 
cleoside di- and triphosphates were unable to 
support growth of the organism, the high ac- 
tivity observed with the TDP sample and the 
slight activity of the other 2 diphosphates 
left some doubt as to whether these com- 
pounds might possess some intrinsic ability to 
promote growth of the organism. In a second 
series, new samples of deoxynucleoside di- and 
triphosphates were tested. These included 
samples purified from thymus extracts as well 
as synthetic preparations. The results, Table 
II, show that diphosphates isolated from thy- 
mus had activities of 11 and 15% while cor- 
responding synthetic samples had activities 
of only 4 and 2%, respectively. Both na- 
tural and synthetic samples of the deoxynu- 
cleoside triphosphates were inactive when 
tested at concentrations sufficient to detect 
activity at the 1% level. 


The variable activities of the deoxynucleo- 
side diphosphates (Tables I and II) could 
best be explained on the assumption that the 
different samples had decomposed in varying 
degree to inorganic phosphate and the cor- 
responding deoxynucleotides, which would, of 
course, be fully utilized by the organism. 
That this was the case was strongly indicated 
by the close correlation between the inorganic 
phosphate content of the diphosphate samples 
and their ability to promote growth of the or- 
ganism (Table Il). Decomposition would be 
expected to be a less serious problem with the 
triphosphate samples, as far as growth pro- 
moting activity was concerned, since 2 phos- 
phate groups would have to be lost before 
microbiological activity could occur. The 
fact that the triphosphates (Table II) had 
less than 1% of the anticipated activity al- 
though their inorganic phosphate contents 
varied from 6.1 to 9.9% indicated that de- 
composition had proceeded only to the di- 
phosphate stage. 


After hydrolysis in acid to remove the labile 
phosphate groups, the natural and synthetic 
phosphorylated deoxynucleotide samples ex- 
hibited high activity, ranging from 77-94% 
of that expected from their nucleotide con- 
tents (Table II). In this series of experi- 
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ments the effect of acid hydrolysis on micro-, 
biological activity of TMP was also tested. 
A 20% reduction in the ability of this com- 
pound to support growth occurred. This loss 
in activity may account in part for the dis- 
crepancies between microbiological activities 
of the hydrolyzed compounds and their deoxy- 
ribose contents. 


Discussion. Although our results clearly 
show that pyrimidine deoxynucleoside poly- 
phosphates cannot satisfy the deoxyribosidic 
growth requirement of the organism, L. acido- 
philus R-26, it should be possible to convert 
these compounds enzymatically to deoxynu- 
cleosides or deoxynucleotides so that the or- 
ganism could be used to determine these poly- 
phosphates in biological material. 

Additional experiments will be required to 
determine whether failure of the organism to 
utilize deoxynucleoside polyphosphates was 
due to impermeability of the bacterial cell wall 
or to inability of the organism to convert the 
compounds to a usable form. 


Summary. Our experiments indicate that 
L. acidophilus R-26 could not use either 3’, 
5'- FDP, TDP, TEP, D-CDP. or D-CEP. tar 
growth, although the compounds were fully 
utilized after hydrolysis. It was concluded 
that the organism could not be used directly 
to detect deoxynucleoside polyphosphates in 
tissue extracts. 
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Harotp B. Erper anp J. DANISHEFSKY 
Gilman Laboratory, New York Medical College. 


The problem as to whether heparin is pres- 
ent in blood as a normal constituent has been 
investigated by a number of workers(1-9). 
The results of these studies are conflicting be- 
cause even if heparin is present in blood, its 
concentration is very small. Isolation of 
heparin from normal blood and unequivocal 
identification could consequently not be ac- 
complished by ordinary means. In a recent 
report(10), we have shown that exogenous in- 
organic sulfate can act as a precursor for the 
sulfate ester groups of heparin. Thus, when 
sodium sulfate containing S-35 is injected into 
dogs, the heparin which is subsequently iso- 
lated from the liver is radioactive. On the 
basis of this finding, it was expected that if 
heparin is a normal constituent of blood it 
should be susceptible to identification on the 
basis of its radioactivity in animals which had 
previously been treated with radioactive sul- 
fate. The present report describes the pro- 
cedures and the results obtained. 

Methods. Dogs weighing 16 to 19 kg were 
injected intraperitoneally with 12 ml of an 
aqueous solution of Na,S*O, (10 mg) con- 
taining 1.3 x 10° c.p.m. and blood was drawn 
from different animals after 26 and 48 hours. 
Subsequent to addition of sodium heparin 
(Lederle) as a carrier, 100 ml of blood were 
extracted with 100 ml 0.5 N NaOH and 14 
ml saturated ammonium sulfate at 50° for 1.5 
hours. The solution was then heated to 75°, 
centrifuged and washed twice with 50 ml 0.06 
N NaOH and 5 ml saturated ammonium sul- 
fate. The supernatant and washings were 
combined and concentrated at room tempera- 
ture to 50 cc. Acidification with H.SO, to 
pH 2 yielded a precipitate which was col- 
lected, washed with dilute H,SO,, extracted 
with ethanol and dried. The subsequent 
steps involving digestion with trypsin and 
reprecipitation from different solvents were 
similar to those described for isolation of la- 


* A portion of this report was presented before 
meeting of A.A.A.S. in New York, Dec. 26, 1956. 


TABLE I. Radioactivity of Heparin Isolated 


after Addition of Carrier. 


Time Reerystal- Total mg 
(hr) lization ~— count recovered Cpm/100 mg 
26 1 2475 45.9 5392 
2 2068 38.8 5381 
5 2020 37.6 5372 
48 1 2205 48.6 4537 
2 1903 42.0 4531 
3 


1359 30.0 4530 


beled heparin from liver(10). The barium 
acid salt which was finally obtained was re- 
crystallized 3 times and similar values for 
radioactivity were obtained after each recrys- 
tallization. Eighteen ml blood samples were 
also extracted by the procedure of Monkhouse 
and Jacques(8) subsequent to addition of 100 
mg of carrier heparin. The aqueous solution, 
after extraction with phenol, was dialyzed, 
passed through Dowex 2 anion exchange 
resin, purified and recrystallized in a manner 
similar to the first procedure. Radioactivity 
measurements were made on 1.2 to 1.6 mg 
aliquots with a thin window gas flow counter 
on plates having an area of 8 sq. cm. It was 
found that these conditions gave infinitely 
thin samples so that no absorption corrections 
were necessary. 

Results. Table I shows the results ob- 
tained by the first method. It can be seen 
that a significant amount of radioactivity can 
be detected in the heparin which is isolated 
from blood. If labeled inorganic sulfate had 
been present in the original blood, it was 
completely eliminated in the process of isola- 
tion and purification. That this is so has 
been shown in studies with liver(10) and in 
control experiments with blood to which 
Na»S*°O, and heparin were added. 

Recrystallization of the barium acid salt 
did not reduce specific activity appreciably 
(Table I), further indicating the radioactive 
purity of the heparin. The material had an 
anticoagulant activity of over 100 U.S.P. 
units per milligram and was inhibited by pro- 
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tamine as would be expected for heparin. 
Analysis showed it to contain 23.52% barium 
and 19.2% glucosamine. Radioactivity of the 
blood heparin 48 hrs. after administration of 
the radioactive sulfate is less than 24 hours. 
This has also been observed when heparin was 
isolated from liver. The reason for this is 
that the time of maximum incorporation of 
the label is about 30 hours after sulfate in- 
jection. 

Extraction of blood heparin by the second 
procedure gave material of much lower spe- 
cific activity. Furthermore, the amount of 
radioactivity obtained could not be dupli- 
cated from one experiment to the other. 
Data obtained by this method were, there- 
fore, not considered sufficiently reliable for 
tabulation. 

Discussion. The activity due to radioactive 
heparin in 100 ml blood would be in the 
order of 5300 c.p.m., 26 hours subsequent to 
administration of the radioactive heparin. 
The liver heparin isolated at this time has a 
specific activity of 10* c.p.m./mg. 

Since maximum incorporation into liver 
heparin is not reached until after 26 hours, it 
would be expected that its activity in the 
blood would be lower at this time, assuming 
that heparin is formed in the liver. The con- 
clusion might consequently be made that nor- 
mal blood contains at least 0.5 mg of heparin/ 
100 ml. 

The second extraction procedure — (i.e. 
Monkhouse & Jacques(8)) yielded heparin 
with less than half the specific activity ob- 
tained by the first method. It would, conse- 
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quently, appear that the phenol procedure 


does not completely extract heparin from the — 


complex in which it exists in the blood. To 
release heparin from this complex, digestion 


with proteolytic enzymes seems to be essen-— 


tial. 


This may also be the reason why | 


Charles and Scott(3) and the others who — 


have used their method found heparin in 
blood, while Monkhouse and Jacques(8) did 
not. Further studies to verify this conclusion 
are being conducted. 


Summary. The presence of heparin in nor- 
mal blood is demonstrated by the “carrier” 
technic, using radioactive sulfate as precursor. 
It appears to be found in blood in a combined 
form so that preliminary decomposition of the 
complex is required before it can be isolated. 
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Use of Urea and Salicylate to Elute Antibody from Insoluble Antigen.* 
(23094) 


Trvinc L. Spar, Wititam F. BALE, AND Rutu L. GoopLAND 
Department of Radiation Biology, School of Medicine and Dentistry, University of Rochester, 
Rochester, N.Y. 


As a part of research directed toward the 
use of antibodies as carriers of radioactivity 
for therapeutic purposes we are investigating 
technics of dissociating and rendering soluble 
an antibody bound to insoluble antigen. 
Methods commonly used have involved either 
acid ~ pH 3.2(1), alkali ~ pH 11(2), or heat, 
60°C(3). Our recent experiments show that 
some hydrogen bond forming reagents, in par- 
ticular urea and sodium salicylate, can also be 
used effectively and conveniently for this 
purpose. At concentrations breaking antigen- 
antibody bonds no denaturation or other al- 
teration of rabbit gamma globulin has been 
detected. 

Experimental. Elution with urea. By 
general methods previously described(4,5) a 
partially purified preparation of I'*! labeled 
rabbit anti-rat Walker carcinoma 256 anti- 
bodies was obtained in which approximately 
30% of the I'%! was attached to anti- 
bodies that would bind to tumor residue on 
in vitro incubation. The test system used 
was to incubate with shaking 0.5 ml portions 
of this anti-tumor preparation with 1 ml of 
tumor homogenate plus buffer and normal 
rabbit serum for 1 hour at 37.5°C, using 
technics previously described(4,5). ‘The 
residues obtained after centrifugation were 
washed with pH 8 borate buffer and the 
bound antibody eluted with urea under var- 
ied conditions indicated in columns 2-6 of 
Table I. Column 7 shows the per cent elu- 
tion measured as I'*! remaining in solution in 
the supernatant after centrifuging. To test 
specificity of the eluted labeled antibody for 
rat tumor compared with rabbit tissue, por- 
tions of these eluates were incubated once 
more with rat tumor and with rabbit kidney 
homogenates. By dilution the urea concen- 


* This paper is based on work performed under 
contract with U.S.A.E.C. at University of Rochester 
Atomic Energy Project, Rochester. 


tration was below 2.3%. Fixation of labeled 
antibody to the washed residues is shown in 
columns 8 and 9. For comparison, the bind- 
ing to rat tumor and rabbit kidney homoge- 
nates of the I'*! antibody preparation before 
absorption onto tumor and urea elution is 
shown as the last 3 experiments in this table. 
Comparison with the earlier values indicates 
that all conditions tested for urea elution gave 
a product with greater specific uptake by rat 
tumor and less nonspecific uptake by rabbit 
kidney than found for the untreated prepa- 
ration. However, increased temperature and 
higher pH, as well as higher urea concentra- 
tions, within the range of the experiment were 
associated with larger yields of eluted labeled 
antibody. Further experiments indicated 
that overnight storage in 16% urea at 2-3°C 
did not adversely affect eluted antibody as 
measured in this type of experiment. 


Elution with sodium salicylate. Similar 
experiments were made using solutions of so- 
dium salicylate as an eluting medium, with 
similar results except that salicylate was ac- 
tive at somewhat lower concentrations; 70% 
of tissue-bound antibody could be solubilized 
by stirring it in a 10% sodium salicylate so- 
lution for 5 minutes at room temperature. 
The salicylate eluted antibody reacted simi- 
larly to the urea eluted antibody when tested 
with rat tumor and rabbit kidney homogenate, 
and seemed not to be harmed by overnight 
storage at 3-4°C in 10% salicylate solution. 

In vivo degradation studies of urea and 
salicylate treated rabbit gamma .globulin. 
McFarlane has presented convincing evidence 
(6) that a very sensitive indication of non- 
physiological alteration or denaturation of 
blood plasma proteins is an increased rate of 
elimination from the blood compared with 
similar unaltered proteins. Twenty mg of 
gamma globulin were therefore: obtained by 
ammonium sulfate fractionation of normal 
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TABLE I. Deseription of Conditions of Urea Elution of I'*! Labeled Anti-Walker Tumor Anti- 


bodies, % Elution, and Uptake of Eluted Antibody by Tissue Homogenates. 
ee eeeeeeeuqeosq®«<«»S=$~==00mo»$maD>o+ 


Uptake by 
Vol urea, Elution Tumor Rabbit K 
Jo urea Solvent ml Temp.,°C time,min. % elution homog. homog. 

ist. H,O 4 23 15 56.4 50.1 5.6 
o " Idem fe i 72.2 49.6 6.4 
16 He i i 5 51.9 49.0 5.7 
¥ . = ‘ uy 54.1 Bee 4.5 
is Sj y 37.5 ia 59.8 46.3 5.9 
% a 2 23 ‘ 41.3 47.7 4.8 
e 6 pe ¥ 57.6 48.8 6.3 
32 ; 4 e i 71.2 47.2 5.6 
16 pH 8 PO, buffer eo 8 #7? 41.5 44.4 8.4 
a go” Me * * : 54.1 47.9 8.2 
y LO e es : 73.0 48.2 6.6 
c ONC a Pe : 49.6 58.4 4.9 
i At Zi ? - 37.8 58.3 2.9 
32 Dist. H,O Ps 3-4 ¢ 47.7 58.5 6.4 
24 Idem cg 23 : 65.6 53.9 5.6 

8 ke 2 3-4 13.1 
a es zs 2¢ 19.3 

— = = = — 30.3 13.8 
ee = == = = — 30.8 14.3 
ve ae ce = ses — 13.9 


30.5 


*ea= citric acid. 


rabbit serum, trace labeled with I'*', and di- 
vided into 3 portions. One portion was di- 
luted with an equal volume of saline, one with 
an equal volume of 20% sodium salicylate, 
and one with 64% urea. After stirring 5 min- 
utes at room temperature the solutions were 
centrifuged and the supernatants dialyzed for 
17 hours against saline. After centrifuging, 
portions of each solution were injected intra- 


venously into 2 rabbits and 2 rats. Fig. 1 
100 
@ SALINE 
O UREA 
80 


X SALICYLATE 


RELATIVE RADIOACTIVITY /ml, BLOOD 
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HOURS 


100 
AFTER FIRST BLOOD SAMPLE 
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FIG. 1. Relative radioactivity of blood in rabbits 

after intravenous injection of saline, salicylate, or 

urea treated I'*' normal rabbit gamma_ globulin. 

Initial blood sampling was made 1% hrs after injec- 
tion and this is taken as zero time. 


shows the relative radioactivity of blood taken 
from the 6 rabbits, with the first blood sam- 
ples, taken 1.5 hours after injection, given a 
normalized value of 100. Fig. 2 shows the 
relative radioactivity of the injected rats, as 
measured in terms of an I'*! standard with an 
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FIG. 2. Relative radioactivity of rats after intra- 
venous injection of saline, salicylate, or urea treated 
I normal rabbit gamma globulin. Initial radio- 
activity determination was performed 1 hour after 
injection and this is taken as zero time. 
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FIG. 3. Distribution of I" in perfused rats following intravenous injection of labeled rabbit serum 


protein fractions. 


immunized rabbit, (b) 8 days after injection of a preparation isolated by salicylate elution, before 
iodination, from serum of rabbits immunized against rat kidney, and (c) 5 days after injection 
of a fraction of the above preparation, once more purified, after iodination, using salicylate elution. 


external scintillation counter, with the radio- 
activity of each animal, measured shortly 
after injection, given a value of 100. Deter- 
mination of radioactivity of various tissues, 
made after sacrifice by saline perfusion after 
90 hours, showed no significant differences 
between groups. Average values for all 6 ani- 
mals are shown in Fig. 3. The data indicate 
that treatment neither with urea nor sodium 
salicylate has adversely affected gamma 
globulin as measured by the rate of elimina- 
tion from the blood in rabbits or by excretion 
in rats. 

In vivo studies with anti-rat kidney gamma 
globulin. Other experiments indicate that 
these reagents may be useful in purification of 
in vivo localizing anti-organ antibodies. In 
preliminary experiments, I'*! labeled anti-rat 
kidney gamma globulin prepared in rabbits 
was absorbed on rat kidney homogenate. The 
labeled antibodies were then eluted with 107% 
sodium salicylate and, after saline dialysis, 
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(a) 4 days after injection of labeled gamma globulin from a normal, non- 
injected intravenously into rats. It was 


found that this antibody preparation had a 
several fold larger portion of I'*! attached 
to antibodies that would localize in rat kidney 
than in the initial labeled but unpurified 
preparation. A similar technic was used on 
previously unfractionated anti-rat kidney rab- 
bit serum. The following experiment indi- 
cates that it is possible to obtain from such 
an antiserum a fraction rich in rat kidney lo- 
calizing antibodies. The washed residue from 
a homogenate of 1.7 g of rat kidney was 
twice extracted for 5 minutes at room tem- 
perature with 55 ml of 20% sodium salicylate. 
This washed, extracted residue was then in- 
cubated with stirring at 37°C for 1 hour with 
17 ml of a pooled serum specimen from rab- 
bits immunized against rat kidney. This 
mixture was then centrifuged, the residue 
washed twice with saline, then eluted for 5 
minutes at room temperature by stirring with 
15 ml of 10% sodium salicylate. After cen- 
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trifuging the supernatant was dialyzed against 
15% Dextran to reduce volume, then against 
a pH 8 borate buffer, and the protein therein 
trace labeled with I'81. Fig. 3 shows the I'*? 
distribution found in a perfused rat 8 days 
after intravenous injection of a portion of this 
labeled material. Kidney localization at 1 
day was 1.82% dose per gram. The kidney 
localization is several fold higher than would 
be expected with labeled gamma globulin iso- 
lated from the same original pool of immune 
rabbit serum. ‘This indicates that a higher 
portion of the protein isolated by this absorp- 
tion-salicylate elution procedure is anti-kid- 
ney antibody than is obtained by a simple 
gamma globulin isolation. The high local- 
ization of I’*1 in rat adrenal and ovary is also 
characteristic of anti-rat kidney antibodies 
purified by other methods(5). A second ex- 
periment was carried out with this once puri- 
fied I'*! labeled preparation to separate la- 
beled anti-kidney antibody from non-specific 
material labeled because it was present in the 
initial antibody preparation. Three ml of 
this material were incubated with a washed 
and salicylate eluted homogenate derived 
from 0.4 g of rat kidney, and the absorbed 
antibody again eluted with 5 ml of 10% so- 
dium salicylate. This eluate contained 6.5% 
of the initial 71. Salicylate was removed by 
dialysis. Fig. 3 also shows the average radio- 
activity present in 2 rats sacrificed by perfu- 
sion 5 days after intravenous injection of por- 
tions of this twice purified preparation. The 
I'31 content of corresponding organs from the 
2 rats showed good agreement. The individ- 
ual kidney values were 7.3 and 6.9. The kid- 
ney value for a rat sacrificed at 1 day was 7.7. 
This second purification, carried out after 
I'*! labeling, has thus resulted in a product 
with a 5.5 fold increase in kidney localizing 
tendency. It contains about 35% of the ['*! 
attached to kidney localizing antibody of the 
initial iodinated preparation. Later duplicate 
experiments using either sodium salicylate or 
urea as eluting agents have given closely simi- 
lar results. 


Discussion. Urea and sodium salicylate 
have been widely studied because of their 
solubilizing action on proteins and their abil- 


UREA AND SALICYLATE ANTIBODY ELUTION 


ity in strong solutions to modify certain pro-' 


teins in a way usually described as “denatur- 
ation”(7). In weaker solutions these sub- 
stances affect some proteins in a manner often 
termed “reversible denaturation” since the 
proteins are apparently regenerated after the 
removal of the urea or salicylate(8). 

Kleinschmidt and Boyer(9), Coburn(10), 
and Friend(11) found that 2 M urea, 0.75 M 
salicylic acid, and 1 M sodium salicylate re- 
spectively inhibited the precipitation of sol- 
uble protein antigens with their specific anti- 
sera, and also dissolved preformed antigen- 
antibody precipitates. The effect of these 
agents in dissociating antigen from antibody 
has been little studied. Kleinschmidt and 
Boyer(9) reported electrophoresis showed 
only 5% dissociation of dissolved specific pre- 
cipitates of egg albumin and its antibody. 
Gostev(12) apparently found urea active in 
rupturing the bonds between specific anti- 
body and bacterial structure. Lepper ef al. 
(13) suggested that a protective action of 
salicylates in rabbits against anaphylactic 
death might be due to a direct effect on the 
combination of antigen and antibody. 

It is generally suggested that the effect of 
these reagents on protein is to rupture hydro- 
gen bonds, and often thus cause unfolding of 
the protein. Studies on horse diphtheria anti- 
toxin treated with 20% urea showed the anti- 
body activity to be unaffected(14). Appar- 
ently also concentrations of these reagents 
sufficient to break antigen-antibody bonds, 
perhaps largely of a hydrogen bond nature, 
do not affect the integrity of rabbit gamma 
globulin molecules. 

Summary. Solutions of 16-32% urea and 
of 10% sodium salicylate were used to sepa- 
rate I'8! Jabeled rabbit anti-rat organ anti- 
bodies from insoluble rat organ residues act- 
ing as antigens. Following removal of these 
eluting agents, the antibody retained its spe- 
cificity for rat organs as measured by in vivo 
and im vitro technics. Measured by in vivo 
technics, rabbit gamma globulin was resistant 
to the altering or denaturing effect of these 
reagents. 


We thank Barbara Bailey and Jean Williamson 
for technical assistance. 
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(Introduced by Barnes Woodhall) 
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Previous work using I'*! labeled neutral 
fat suggested that use of a radioactive labeled 
fatty acid could prove valuable in studying 
gastrointestinal function. This report con- 
cerns use of I**! labeled oleic acid in the fur- 
ther investigation of certain physiological as- 
pects of digestion and absorption in normal 
and abnormal subjects. 

Procedure. Human subjects. Thirteen hu- 
mans with no evidence of abnormality re- 
lated to the digestive tract were used as con- 
trols. After 4 hours of fasting, each was 
given a gelatin capsule containing 0.5 cc of 
oleic acid which included 25 ye of I'*! labeled 
oleic acid. They were then given 20 drops of 
Lugol’s solution and 3 gelatin capsules con- 
taining barium sulfate powder. This was 
taken with small amounts of water. A fast- 
ing state was then maintained for the follow- 
ing 6 hour period. Two ml venous blood sam- 
ples were drawn at hourly intervals at second 
through sixth hour following ingestion of the 
capsules. At the third hour fluoroscopic ex- 


* Supported by research grant of the Division of 
Arthritis and Metabolic Diseases, N.I.H. 


amination of the abdomen was made to deter- 
mine gastric emptying and location of the 
barium. The subjects were allowed to return 
to their normal eating habits after the 6 hour 
period. All feces passed within 48 hours after 
the test was collected in individual containers. 
Blood samples were analyzed for radioiodine 
content and total radioiodine blood levels were 
determined and expressed as percentage of in- 
gested material as described by Baylin e¢ al. 
(1). Fecal samples were individually ana- 


165 ovg. of 25 human controls. 
Triolein Emulsion 
XN 


BLOOD RADIOACTIVITY LEVEL % 


° + = = == + 
2 3. 4 > 6 
HOURS AFTER TEST MEAL 
FIG. 1. Blood radioactivity levels (avg of 13 human 
controls with standard deviation). 
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TABLE I. 


Triolein emulsion 


Oleic acid 


Blood Blood 
radioactivity Recovered radioactivity Recovered 
levels (%) in feces levels (%) in feces 
4hr pore orbr (%) aie Wyhiee (oldue (%) 
Normal (avg) ea ea Cnt ok ee 22 112 ee 
Normal (avg) 4al U3i3 1258 6 12.8 12.2 2 - 
Ca of sean AN atts eoso 49.0 10.4 11.38 117 10.0 
Panereatectomy 24 3.2 2.8 64.7 8.9 120 80-0 2.3 
Sprue (in relapse) Suds) oto 4.0) 32.0 3.8 7.7 7.8 ses. 
Regional enteritis Sah) ed) oie 6.9 5.5 5.1 48.5 
Amyloidosis with marked diarrhea Deg eoso 49 1.0 45> lei 
Gastric resection, Hofmeister 
(1) Without evidence of malnu- 10.6 12.0 10.9 AS eo = 8.0 1.3 
trition 
(2) With evidence of malnutri- B(G)) Bs ae) 72.3 EeY alee Os} 2 
tion 


lyzed for radioiodine content, and the total 
expressed as percentage of the administered 
radioactivity as described previously(2). 
Seven patients having proven gastrointestinal 
disease were studied in the same manner. 
Animals. Fourteen healthy dogs were used 
as controls. After 4 hours fasting, each con- 
trol was given a gelatin capsule containing 
0.5 ml of oleic acid which included 25 mc of 
I'*! labeled oleic acid. Two ml venous blood 
samples were drawn at hourly intervals for 
the second thru the fifth hours following in- 
gestion of the capsule. No attempt was made 
to collect the feces. Blood samples were 
analyzed as described above. Identical pro- 
cedures were carried out on 7 dogs that were 
not fasted prior to the test. Two pancreatec- 
tomized dogs and 2 dogs in which pancreati- 
tis was produced by vinylite infusion into the 
main pancreatic ducts(3) were tested in iden- 
tical manner as the 14 control dogs. 

Results. The results obtained in the 13 
human controls are presented in Fig. 1. Av- 
erage blood radioactivity levels and associated 
standard deviation are shown as a function of 
time after the test meal. Average fecal re- 
covery for this group was 0.7%, with a range 
of 0 to 2.8%. For comparison the average 
curve of the human control with triolein test 
meal is shown. 

Table I shows the results obtained in 7 pa- 
tients tested with neutral fat (triolein emul- 
sion) and with oleic acid. 

The results obtained in the group of con- 


trol dogs are shown in Fig. 2. The average 
curve of human controls with oleic acid test 
meal is presented for comparison. Table II 
shows data obtained in the 4 dogs in which 
pancreatic insufficiency was produced. 


The 7 dogs tested under a non-fasting con- 
dition yielded radioactive blood levels which 
were not uniform, were unpredictable and did 
not conform to the reproducible curves seen 
in fasted animals. 


The studies with normal humans and dogs 
have shown that characteristic and reproduc- 
ible curves of blood radioactivity levels are 
obtained when I'*' labeled oleic acid is given 
as described above. Similar results have been 
reported by other investigators(4). Theo- 
retical consideration of the physiology of the 
G. I. tract would indicate that use of both 


x || avg. levels of 14 
3 

14 human controls. 
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FIG. 2, Test material—'4 ml oleic acid in capsule 
(avg levels of 13 normal dogs). S 
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TABLE JI. Blood Radioactivity Levels in Dogs. 


Triolein emulsion Oleic acid capsule 


4 hr 5 hr 6 hr 4hr 5 hr 6 hr 
(%) > 
Pancreatitis—vinylite 
1.5 1.3 1.5 1 6.5 7.8 
1.5 3.4 4.4 6.5 7.0 8.0 
Pancreatectomy 
os 5.3 1.2 10.6 10.1 160 
0 o 0 1.3 14.7 4.5 
0 12.0 9.0 


neutral fat and fatty acid test might differ- 
entiate between abnormalities of digestion 
and absorption. 

This assumption was tested in the 4 dogs 
in which pancreatic insufficiency was _ pro- 
duced. As seen in Table II post operative 
neutral fat blood radioactivity levels were 
markedly depressed. These results attest to 
the pancreatic insufficiency as demonstrated 
previously(5). In contrast, blood radioactiv- 
ity levels following oleic acid test were within 
the range of normal. The 2 patients with 
known pancreatic disease (Table I) gave re- 
sults similar to those obtained in the pancre- 
atic deficient animals. In the few patients 
with known small bowel disease tested, both 
triolein and oleic acid curves were depressed 
(Table I). 

The results obtained in the experimental 
animals and the small number of patients 
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with known gastrointestinal abnormalities 
suggest the probability that neutral fat and 
fatty acid will prove helpful in differentiating 
between abnormalities of digestion and ab- 
sorption. Similar conclusions have been re- 
cently reported by others(4,6). 


Summary and conclusion. 1. Constant and 
reproducible curves of blood radioactivity 
levels are found in normal humans and dogs 
after an oleic acid test. 2. Following pan- 
createctomy and induced pancreatitis in dogs, 
the curves obtained with oleic acid test were 
within normal range while those obtained with 
triolein were depressed. 
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Hormonal Influences on Growth and Somatotropic Actions of Autonomous 


Mammotropes.* 


(23096) 


Ketty H. CLIFTON AND JACOB FURTH 
The Children’s Cancer Research Foundation, The Children’s Medical Center and Department of 
Pathology, Harvard Medical School, Boston, Mass. 


Estrogens stimulate secretion and prolifera- 
tion of mammotropes (Mt) of the anterior 
pituitary gland(1-3). Mammotropic tumors 
(MtT) can be induced in rats by prolonged 
estrogen treatment; they are readily trans- 
plantable to estrogen-treated and, occasion- 
ally, to normal rats. Upon successive trans- 


* This work has been supported by grant of Na- 
tional Institutes of Health. 


plantation, the former, that is, dependent 
MtT, invariably gives rise to autonomous vari- 
ants. Extracts of such tumors contain mam- 
motropin (MtH; synonym: prolactin) (4). 
All transplanted mammotropic tumors thus 
far studied have had a pronounced somato- 
tropic effect and were markedly responsive to 
estrogens. The present study was undertaken 
to investigate more precisely the role of hypo- 
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_.. . ABLE I. Design of Experiments on Grafting of MtT in Variously Treated Rats. 
No. of animals 
i 1 Tumor- ———L reatment-——_—_—_, Duration 
sieee ge bear- Stilbes- of exp. a 
‘Passage at grafting Sex ing Controls Gonadex Adrex Hypex trol, mg days 
INGE), (nies al aye WE 35-40 fe) 4t 2 ee a 
Table IT) 2 4 3 = 
; Q 3 1 x 5-6 85 
3 2 ss 0 166 
ah : 3 2 x 5-6 86 
Ns Nines a 2 1 x 5-6 85 
: i 5-4 4 2 0 78 
ae (Pig. 2) | F 35-40 : : e a 
a 4 aL 0 89 
; 3 ih 2 x 0 89 
é 4 2 x 6-7 69 
I WE 44-46 “di 7 0 176 
sar 3 4 3 x 3-4 Pa 
a 5 5 SK 0 174 
3 7 7 x x 0 176 
IV a (Fig. 3, 4 F 58-75 a 3 4 x eet 1.0 57 
ea $ a == x xt ail 61 
r) 5 4 x x<$ 01 61 
$ 4 = x xt 001 61 
3 4 4 x Xl .0 62 


* From grafting of animals until sacrifice. 


+t Tumor grafted in both thighs throughout passage. 

+t One animal in each group had regenerated adrenal cortex tissue. 

§ Two animals in MtT-bearing group and one vontrol had regenerated adrenal cortex tissue. 
|| One animal in MtT-bearing group had regenerated adrenal cortex tissue. 


physeal, gonadal and adrenal hormones on 
growth of autonomous MtT (Strain 4) (3), 
and on its somatotropic manifestations. 


Materials and methods. Rats of the Fis- 
cher strain (subline of the strain of Dr. Wil- 
helmina Dunning designated F) or F,; hy- 
brids of an inbred Wistar strain and the F 
strain (designated WF) were raised in our 
laboratories and fed Purina chow supple- 
mented with greens. Animals differing in age 
by more than 5 days were evenly distributed 
in the experimental groups. Tumor particles 
suspended in saline were injected into the 
thigh muscles. Operations were performed 
and hormone treatments were started before 
grafting (passage IVa) or within 8 days 
thereafter (passages IIIa, b, and d). For 
chronic estrogen treatment, fused cholesterol- 
diethylstilbestrol (DES) pellets were im- 
planted subcutaneously in the neck. The 
DES; cholesterol ratio was 1:3 in pellets used 
in passages IIIa, b, and d. In passage IVa, 
the pellets weighed 16-18 mg and contained 
0,0 to 1.0 mg DES. ,Adrenalectomized ani- 


mals were given 2.5 mg desoxycorticosterone 
trimethylacetatet and 2.5 mg cortisone ace- 
tate (Cortone Acetate, Sharp and Dohme) 
every 2 weeks. In passage IIId this treat- 
ment was discontinued after 3 months and 
the animals were given physiological saline as 
drinking water. Experimental animals were 
killed and autopsied in groups with their con- 
trols. For histological studies, tissues were 
fixed in Zenker-formol and stained with he- 
matoxylin and eosin. The design of 4 experi- 
ments is shown in Table I. Small numbers of 
animals were used because of limited breed- 
ing facilities. 

Results. I. Effects of hormones on growth 
of MtT. Pituitary hormones are not required 
for proliferation of these mammotropic tumor 
cells; in fact, MtT grew somewhat faster in 
hypophysectomized than in normal females in 
one passage (Fig. 1) and but slightly slower 
in another (passage IIId). In the latter, 


t This preparation (Percorten trimethylacetate) 
was generously supplied by Dr. Robert Gaunt, Ciba 
Pharmaceutical Products, Summit, N. Me 
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FIG. 1. Effect of diethylstilbestrol, hypophysectomy 
and castration on growth of autonomous MtT 
(passage IIIa). 
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FIG. 2. Effect of gonadectomy and diethylstilbestrol 
on growth of autonomous MtT (passage IIIb). 


mean latency of tumor growth was 122 days 
(range: 77-167 days) in hypophysectomized 
animals as compared to 102 days (range: 77- 
132 days) in intact untreated female hosts. 
In these experiments, all hypophysectomized 
animals were DES-treated. Earlier experi- 
ments with MtT in mice(2) suggested that 
without estrogen treatment, tumor growth 
would have been even slower than in cas- 
trated non-hypophysectomized males. 

Fig. 1 shows a very long latent period and 
slow progression of tumor growth in castrated 
male animals and an extraordinary hastening 
of tumor growth in such rats treated with 
DES. Stimulation by DES was less marked 
in intact females. When the experiment re- 
corded in Fig. 2 was performed, the tumor 
strain was less responsive to gonadal hor- 
mones. The contrast between gonadecto- 
mized and normal females was marked but 
there was little difference between gonadec- 
tomized and normal males. These data indi- 
cate that the effect of gonadectomy on MtT 
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growth is due to removal of a source of estro- 
gens. 

The effect of varying Paha of DES on 
the growth of autonomous mammotropes is 
shown in Fig. 3. The rate of Mt prolifera- 
tion was increased slightly by 10 yg of estro- 
gen, moderately by 100 yg and markedly by 
1 mg. In this experiment, the hosts were 
both adrenalectomized and gonadectomized. 
Adrenalectomy proved incomplete in several 
animals. There was, however, no difference in 
the rate of tumor or body growth between in- 
completely and Slee arep alec ome 
animals. ane 

In passage IIId, MtT was rates on ¢as- 
trated males and on. adrenalectomized cas- 
trated males. The mean latency of tumor 
growth was 99 days in the former and 116 
days in the latter (range: 54 to 148 days in 
both groups). The data suggest that adren- 
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FIG. 3. Stimulation of autonomous MtT by graded 

doses of diethylstilbestrol (passage IVa). For key, 

see Fig. 4. Light dotted line connects observations 
on fortieth day. 
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FIG. 4. Effects of different quantities of diethyl- 

stilbestrol on .body weight of: MtT-bearing and 

control rats (passage IVa). Light dotted line con- 
nects observations on fortieth day. 
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FIG. 5. Somatotropic effects of MtT. Percent in- 

crease of body and organ weights of tumor-bearing 

female rats over those of control animals (passage 
Illa). 


alectomy does not profoundly affect growth of 
this autonomous MtT. 


Il. Somatotropic effects of MtT. Gain in 
body weight (Fig. 4) paralleled that of tu- 
mor size (Fig. 3) both increasing with the 
quantity of estrogen administered and, pre- 
sumably, with the quantity of hormone se- 
creted by MtT. In order to indicate the 
somatotropic action of MtT, increases in body 
and organ weights of tumor-bearing female 
rats are expressed as percentages of the re- 
spective weights of matched controls (Fig. 5). 
The average weights of the mammary glands 
of these MtT-bearing rats (not shown in Fig. 
5) were: intact females 34 g; DES-treated 
rats 36 g; hypophysectomized, DES-treated 
rats 21 g. In Table II, the somatotropic ef- 
fects in variously treated males are indicated 
by body weight, body length, and by weights 
of organs expressed in percent of body weight. 
Considering time and tumor weight, the great- 
est gains occurred in hypophysectomized ani- 
mals. 


The data show a marked increase in over- 
all skeletal size of most MtT-bearing animals. 
The liver, kidneys, spleen and heart were dis- 
proportionately enlarged, the greatest relative 
increase occurring in adrenal weights. These 
figures do not directly indicate the magnitude 
of somatotropic effects of MtT. Livers of 
MtT hosts usually had some fatty degener- 
ation but enlargement appeared to be due 
mainly to increase in size of liver cells(3). 


Effect of MtT on Body Size and Relative Organ Weights in Male Rats (Passage III a). 
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The kidneys often underwent a marked tubu- 
lar degeneration. The numbers in Fig. 5 do 
not indicate as marked a relative increase in 
body weights in intact as in DES-treated fe- 
male tumor hosts. This difference may, in 
part, be accounted for by the greater length of 
time required for growth of MtT in normal 
rats and corresponding longer growth periods 
in their controls. In this experiment (passage 
Illa) the intact female rats were killed 140 
days after grafting when the tumor weight 
averaged 17.4 g; the DES-treated females 
were killed after 100 days when the tumor 
weight averaged 23.9 g; the hypophysecto- 
mized DES-treated females were killed after 
85 days when the tumors weighed 4.6 g. 
Weights of the mammary gland represent the 
sum of secretions and increase in tissue mass. 
A detailed analysis of the character of mam- 
mary gland changes will be published. 


The enormous hypertrophy of the adrenals 
remains to be explained. Increase in size 
was accompanied by extensive fatty degenera- 
tion of the cortex, often with hemorrhage and 
necrosis. The enlargement did not appear to 
be due primarily to adrenotropic effect by the 
tumor; the thymus of rats with medium-sized 
tumors was often normal. The thymus is 
known to undergo atrophy in animals bearing 
large tumors of all kinds. Grafted adreno- 
tropes (in mice) cause atrophy of the thymus 
while the tumor is minute(2). 


In passage IIIb, of 7 animals bearing tumors 
measuring 15-20 mm in diameter, the thymus 
was normal in 4, (average right adrenal 
weight 57 mg; in 9 controls 14-29 mg, mean, 
19 mg), moderately atrophic in 1 (right 
adrenal weight, 108 mg) and atrophic in 2 
(right adrenal weights, 210 and 215 mg). Of 
7 animals with tumors 25-30 mm in diameter, 
the thymus was moderately atrophic in 1 
(right adrenal weight, 130 mg) and atrophic 
in 6 (average right adrenal weight, 203 mg). 
Of 2 animals bearing tumors measuring 60 
mm in diameter, the thymus of 1 was mod- 
erately atrophic (right adrenal weight, 123 
mg) and completely atrophic in the other 
(right adrenal weight, 295 mg). There was 
no clear-cut relationship between size of the 
thymus and treatment of the host. 
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Discussion. The present studies indicate 
that hormones of MtT greatly stimulate 
growth of the body and viscera, and that the 
fully autonomous Mt retains a marked re- 
sponsiveness to estrogen and is not dependent 
on pituitary hormones for proliferation and 
function. 

Mammotropic and somatotropic effects oc- 
curred in parallel and in rough proportion to 
tumor size. It is possible(2,3) that MtH has 
intrinsic somatotropic action in rats and mice 
as has been previously reported in birds(5). 
Similar overlaps in function are well known; 
e.g., in Oxytoxic and vasopressor principles of 
the posterior pituitary and among adrenocor- 
ticoids. It is also possible that MtT (Mt) 
produces 2 distinct hormones but the parallel 
rise of somatotropic effect with mammotropic 
effects following administration of estrogen is 
better explained by postulating secretion of 
one hormone with these two potencies. Con- 
topoulos and Simpson? described a body 
growth-promoting factor in the blood of preg- 
nant rats. It seems likely that this effect was, 
in part at least, due to MtH. An adrenal 
growth factor in pituitary extracts distinct 
from AtH (ACTH) has also been suggested 
(6). 

The autonomous mammotropic tumor 
studied by us was markedly reactive to the 
agents which initiated it. Responsiveness of 
malignant cells may yield clues to the factors 
involved in their genesis. Thus, autonomy is 
not synonymous with full release from re- 
sponsiveness to conditioning factors, and 
study of responsiveness may help in determin- 
ing the conditions leading to development of 
neoplasms as well as the factors controlling 
them. 

Summary and conclusions. 1. The role of 
gonadal, adrenal, and hypophyseal hormones 
on growth and somatotropic actions of a 
transplantable, functional mammotropic pitui- 
tary tumor (MtT) was studied in rats. 2. 
Although this tumor is autonomous (in that it 
grows in normal rats of both sexes) it is highly 
responsive to estrogen, the rate of tumor 
growth and body growth of the host being 
roughly proportional to the quantity of estro- 


t Reported in Fed. Proc., 1956, v15, 39. 
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gen administered. Hormones of mammo- 
tropes stimulate body growth and growth of 
many organs. Somatotropic and mammo- 
tropic effects are marked in hypophysecto- 
mized rats bearing mammotropic tumors; thus 
they are independent of other pituitary fac- 
tors. 


Mrs. Lee Zompetti skillfully assisted in this work. 
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The antibiotic activity of novobiocin in 
vitro is inhibited by the presence of serum 
(1).* In in vivo experiments novobiocin is 
still present in the blood stream 24 hours after 
an oral dose(2).* These findings together 
with evidence from dialysis* have  sug- 
gested that novobiocin must. bind to plasma 
proteins. 


The purpose of this work was to determine 
the nature and extent of this binding. Frac- 
tionation studies with plasma from a dosed 
dog showed that novobiocin is extensively 
bound to plasma albumin, and 7m vitro experi- 
ments with crystalline bovine albumin showed 
that the binding is a reversible equilibrium 
process.» 


Plasma fractionation. An adult female 
Beagle dog was given by mouth 100 mg of 
novobiocin (CATHOMYCIN sodium, Merck) 
per kg of body weight. After 3 hours blood 
was withdrawn from the jugular vein, mixed 
with .15 volume of sodium citrate-citric acid- 
dextrose (ACD) solution(3), and centrifuged. 
The clear plasma, amounting to 38 ml, was 
fractionated by Cohn’s Method 10(3). A 
second dog, not dosed, supplied a like amount 
of plasma as a control. The plasma fractions 
were assayed for novobiocin by the microbio- 
logical procedure of Frost and Valiant(4). 


* To be published. 


TABLE I. Novobiocin Concentrations in Plasma 
Fractions. 
Novobio¢in content as 
y/ml of original plasma.- 
Fraction Dosed dog Control dog 
Original plasma 164 0 
Fractions I, II, & IIT <2 0 
IV&V 62 0 
Vir ++4++ +4+4++ 
LV 4.2 0 
V 35 0 


* Fraction VI contained Zn**+ which interfered 
with assay. 

The results are shown in Table I. The first 
precipitate, ‘consisting of fractions I, II, and 
III, did not contain appreciable amounts of 
novobiocin. Fractions IV and V, precipitated 
together by the addition of Zn** reagent, con- 
tained 38% of total plasma novobiocin. The 
excess Zn** reagent present with fraction VI 
interfered with microbiological assay of this 
fraction. On separation of fractions IV and V 
it was found that almost all of the novobiocin 
was bound to fraction V, which consists of the 
plasma albumin. Quantitative recovery can- 
not be expected in this fractionation when 
binding is reversible, first because not all of 
the novobiocin originally present in the 
plasma is bound, and second because of addi- 
tional dissociation brought about by volume 
increases on reagent addition and washing of 
precipitates. 


NOvoBIOCIN AND PLASMA PROTEINS 


TABLE II. Novobiocin Concentrations in Dialy- 


sates. 


Novobiocin cone., y/ml 


; Microbio- 
Dialysate of logical Colorimetric 
O% albumin a 62.5 59 
f- ahs 46 58 
05% ” Q 92 93 
b 100 88 
005% ” a 86 
b 120 
Binding with bovine albumin. One mg of 


novobiocin and 500 mg of crystalline bovine 
albumin were dissolved in 10 ml of M/15 pH 
7.4 phosphate buffer and dialyzed in a cello- 
phane sack against one liter of the same buf- 
fer for 64 hours in the cold. Microbiological 
assays at the end of this time showed that 
concentration of novobiocin inside the sack 
was 90 y/ml and that in the dialysate was 
below the threshold of the assay procedure. 
Thus novobiocin will bind to bovine plasma 
albumin. 


Equilibrium concentrations. In duplicate 
experiments 10 ml volumes of M/15 pH 7.4 
phosphate buffer containing 100 y. of novo- 
biocin per ml and either 0.5%, 0.05%, or 
0.005% bovine albumin were dialyzed at 
37°C for 64 hours in cellophane sacks against 
30 ml volumes of buffer containing 100 y of 
novobiocin per ml. At the end of this time 
the solutions outside the sacks were assayed 
by microbiological assay and by the colori- 
metric procedure of Boxer and Shonk(5). 
Volume changes were negligible. The results 
are presented in Table II. 

Ignoring any effect of the Donnan equi- 
librium, which would be minimized by the 
buffer salts present, we may assume that con- 
centration of. novobiocin outside the sack is 
identical with concentration of unbound novo- 
biocin inside the sack. For the sacks con- 
taining 0.5%.albumin amount of bound novo- 
biocin can be calculated as follows:. 

“Total novobiocin introduced, 100 < 40 = 4000 + 

” free novobiogin, 58.5 x 40: — 2340 
‘Noyobiocin bound to 50 mg of albumin 1660 


815 


Similarly, in the sacks containing 0.05% al- 

bumin: 

Total novobiocin introduced, 100 x 40 = 4000 v 
*» free novobiocin, 90.5 X 40 = 3620 

Novobiocin bound to 5 mg of albumin — 380 


The amount of novobiocin bound per mil- 
ligram of albumin was greater when concen- 
tration of free novobiocin was higher, an in- 
dication that the binding is an equilibrium 
process. 

This was further investigated by piecing 
the sacks containing the 0.5% albumin solu- 
tion in fresh portions of buffer, containing no 
novobiocin this time, dialyzing for another 24 
hours, and again analyzing the dialysates by 
the colorimetric procedure. They contained 
24 y, 25 y of novobiocin per ml. 

For the second dialysis the calculation is as 
follows: 


Total novobiocin in system, 1660 + 10 * 58.5 


— 2245 + 
” free novobiocin, 24.5 « 40 a= WE) 
Novobiocin bound to 50 mg of albumin = 1265 


Thus the second dialysis produced a de- 
crease of 395 y in the bound novobiocin, and 
therefore the binding is reversible. 

Summary. 1. Fraction studies with plasma 
from a dog treated with novobiocin showed 
that novobiocin is extensively bound to 
plasma albumin. 2. /n vitro experiments 
with crystalline bovine albumin showed that 
the binding is a reversible process. 
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A Method for Evaluation of Milk “Let-Down” in Lactating Rat.* 


(23098 ) 


C. E. GrosvENort AND C. W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia. 


It has been generally accepted(1-5) that 
oxytocin is released from the posterior pitui- 
tary gland in response to neural impulses gen- 
erated by stimulation of nursing or milking. 
Upon reaching the mammary gland oxytocin 
causes contraction of myoepithelial elements 
(6-8) surrounding mammary alveoli and small 
ducts thus forcing milk into larger ducts where 
it is available for withdrawal. The phenome- 
non of milk “‘let-down” appears to be one of 
the more important factors determining 
amount of milk obtained from milking or 
nursing. 

In the present study data have been ob- 
tained in an attempt to evaluate “let-down” 
in the rat as a result of nursing stimuli in 
terms of amount of milk obtained under 
standard conditions by litters of lactating rats 
during the period of maximum lactation. 


Materials and methods. Forty albino rats 
each with its first litter and weighing 180-260 
g were housed in individual cages and fed 
Purina Lab Chow and water ad libitum. Each 
litter was reduced to 6 young shortly after 
birth and when 14 days old was isolated from 
its mother for 10 hours. The young were 
then replaced and allowed to suck for 30 min- 
utes. Length of time before each litter began 
sucking was recorded. Each litter was then 
removed from the nest, weighed, killed by de- 
capitation and stomach contents removed and 


weighed. Each mother’s weight also was 
recorded. 
Results. It was observed previously (9) 


that after 10 hours isolation stomachs of lit- 
ters contained no milk. In each case upon 
placing the litter back with their mother, she 
was observed to gather her young and to 
commence nursing in 1-3 minutes. The young 
appeared to be satiated within 30 minutes and 
very frequently disengaged the nipple or else 


* Contribution from Mo, Agr. Exp. Sta., Journal 
Series No. 1717. Approved by Director. 
+ Postdoctoral Fellow of the N.I.H. 


fell asleep while still attached to the mother. 
Amount of milk obtained by litters of lac- 
tating rats in 30 minutes varied from 2.5-10.5 
g/litter. There was no appreciable difference 
in milk volume between any 2 young of a 
litter. Weight of milk expressed as percent 
litter body weight shows more uniformity with 
a mean of 3.8 + .19, a median value of 3.7 
and normal distribution (Table I). 

Discussion. Previous work in this labora- 
tory(9) indicated that weight of milk ex- 
pressed as percent litter body weight after 20 
minutes nursing gave a mean of 3.7 where- 
upon experimental results following ergota- 
mine treatment were statistically evaluated. 
The expanded results of this study are almost 
identical. Comparable results also have been 
obtained from basically the same procedure 
by Mayer(10) and by others from calculat- 
ing litter weight gain during timed nursing 
periods(11,12). 

One might justifiably point out that heavier 
lactating rats would have more mammary tis- 
sue, produce more milk and thus make more 
available to the young per unit time. How- 
ever, there was no apparent direct correlation 
when milk yield per timed nursing was ex- 
pressed as percent mother body weight 
(Table I). The observation that 14-day-old 
litters are satiated by 30 minutes sucking does 
not mean all milk is withdrawn from the 
nursed glands for unpublished work indicates 
more milk is available than is normally with- 
drawn at a nursing. 

It has been demonstrated(13) that a litter 
of 6 young will suck all 12 nipples of a lac- 
tating rat during lactation thus maintaining 
all mammary glands in the state of active se- 
cretion. Variance in data obtained in this 
study is therefore interpreted to reflect vari- 
ance in amount of oxytocin released and/or 
variance in requirements of the mammary 
gland for the hormone. Other factors, of 
course, such as nipple diameter and _ inten- 
sity of nursing stimuli might influence amount 
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TABLE I. Milk Removal by Litters of Nursing Rats at 14th Day of Lactation. 


Avg % Avg % 
No.of Avgwtof Avg wt of Wet of milk Avg wt of Wt of milk 
rats litters (g) milk (¢) Wt of litter mothers (g) Wt of mother 
4 139.6 2.8 2.0(1.3-22) 2045 14 (4.2-1.6) : 
8 135.4 3.7 2.7 (2.3-3.2) 214.5 1.8 (1.4-2.2) 
15 150.9 5.6 3.7 (3.3-4.2) 216.4 2.7 (2.3-3.4) 
7 144.4 6.7 4.6 (4.3-5.2) 198.4 3.4 (2.8-4.0) 
5 133.9 75 5.6 (5.3-6.2) 295.3 3.4 (3.0-3.7) 
1 156.0 10.5 6.7 230.0 4.6 
Mean 144.0 D.0 3.8 UY) 213.1 Pa iy eee NY) 


it 


of milk obtained but these factors are dif- 
ficult to evaluate. 


The results under the conditions of this ex- 
periment are believed to evaluate to some ex- 
tent milk “let-down” resulting from nursing 
stimuli and thus serve as a basis for future 
work concerned with experimental alteration 
of milk “let-down”’ in mature primiparous lac- 
tating rats. 


Summary. A method for evaluation of 
milk “let-down” in mature lactating rats on 
14th day postpartum is described. Amount 
of milk obtained by litters of 6 young after 
30 minutes nursing expressed as percent lit- 
ter body weight is used as criterion of re- 
sponse. Results obtained follow a normal 
distribution pattern with a mean value of 3.8 
+ .19. The results of this study may serve 
as a basis for evaluating data from experi- 
mental alteration of milk “let-down” in lac- 
tating rats. 
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Coagulation Defect in Horse Plasma.* 


(23099) 


Knup-Erik SjoLtn (Introduced by Tage Astrup) 
Biological Institute of the Carlsberg Foundation, Copenhagen, Denmark. 


Discrepancies in the explanation of the co- 
agulation defect of horse plasma exist. Anti- 
hemophilic factor (AHF) is said to be present 
(1) or absent(2). We have recently reported 
an apparent lack of the Christmas factor 
(PTC) (3). Four out of 5 different horse 
plasma samples showed delayed thrombin for- 
mation, which could be restored to normal by 
addition of normal human serum. However, 
investigations with human hemophilic pa- 
tients have revealed that other defects in the 
plasma thromboplastin system than a de- 
ficiency in PTC are restored by addition of 
normal serum(4). This observation prompted 
a re-investigation of the defect in horse 
plasma. 

Materials and methods. The prothrombin 
time (Quick) was determined according to 
(5). The prothrombin-proconvertin complex 
was estimated by the Owrens method(6,7), 
using BaSO, absorbed plasma(8). The 
thrombin generation test was performed as 
described before(4). Barium sulfate ab- 
sorbed serum, heated reabsorbed serum and 
platelet suspensions were prepared as de- 
scribed(9). 

Results. The following results were ob- 
tained with blood from one horse. They are 
representative for the deficiency. Prothrom- 
bin time: 20 sec. (Normal human control: 
19 sec.) Prothrombin-proconvertin (Owren): 
90%. Platelet count: 136000 per mm? 
plasma. The thrombin generation was de- 
layed and the thrombin concentration never 
reached high values (Fig. 1 A). Recalcifi- 
cation time (as estimated during thrombin 
generation test) was 3 min. 50 sec. Addition 
of 0.2 ml absorbed bovine plasma to 1 ml of 


* This investigation was aided by grants from 
“Kong Christian den Tiendes Fond”. It forms part 
of investigation on blood coagulation for which Dr. 
Tage Astrup of the Biological Institute, Carlsberg 
Foundation, receives support from Josiah Macy 
Foundation, N. Y. The careful technical assistance 
of Miss Erna Zoffmann is greatly appreciated. 


horse plasma had only a slight effect on 
thrombin generation (Fig. 1B). Recalcifica- 
tion time was now 3 min. 30 sec. Addition of 
0.2 ml platelet poor, frozen plasma from an- 
other deficient horse had no effect on throm- 
bin formation (Fig. 1 C). After addition of 
0.2 ml of its own frozen, platelet rich plasma, 
thrombin generation became almost normal 
(Fig. 1 D). Similar result was obtained also 
after addition of normal platelet containing 
human plasma (Fig. 1 E). 

Fig. 2 shows thrombin generation after ad- 
dition of 0.2 ml normal human serum (curve 
A), 0.2 ml twice absorbed normal human 
serum (curve B) and 0.2 ml twice absorbed 
human serum, previously heated for 30 min. 
at 56°C (curve C). In all these mixtures 
thrombin generation became normal. Recalci- 
fication time was 1 min. 45 sec., 2 min. and 
2 min. 50 sec. respectively. Addition of 0.2 
ml fresh plasma (curve D) or serum (curve 
E) from a patient with the Hageman trait 
had no effect on thrombin generation (Fig. 2). 

Fig. 3 shows results obtained after storage 
of the horse plasma at —20°C for one night. 
Thrombin generation became completely nor- 
mal after freezing the plasma with its normal 
content of platelets (curve A), whereas there 
was no improvement after freezing of the 
platelet poor plasma (15000 platelets per 
mm*) (curve B). Curve C demonstrates 
thrombin generation in fresh horse plasma 
after addition of 0.2 ml of its own thrombin 
free serum. There was no improvement. 
Curves D and E show also thrombin genera- 
tion in plasma from a patient deficient in PTC 
after addition of horse plasma (D) and horse 
serum (E) (0.2 ml). Thrombin generation 
in the PTC deficient plasma became com- 
pletely normal. Thrombin generation in the 
Christmas plasma with no additives is demon- 
strated in Fig. 3 curve F. 

Fig. 4 demonstrates effects of various 
platelet suspensions: Curve A was obtained 
after addition of 0.4 ml fresh human platelet 
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FIGS. 1-4. Thrombin generation in horse plasma. Abscissa: reaction time in min.; Ordinate: 
reciprocal clotting time of fibrinogen solutions expressed as 600/t (t in sec). 


suspension (245000 platelets per mm*). 
Curve B shows addition of 0.4 ml frozen hu- 
man platelet suspension (272000 platelets per 
mm*). Curve C shows addition of 0.4 ml 
of a fresh suspension of platelets from the 
horse plasma investigated here (156000 
platelets per mm*). Thrombin generation 
became normal in all these experiments. 
Discussion... Samples of hemophilioid dis- 
eases, which yield normal thrombin genera- 
tion after addition of normal serum, comprise 
more than one group of defects in the plasma 
thromboplastin system(4). One of these 
groups is deficient in PTC. The results de- 
scribed here show that the defect in horse 
plasma, though corrected by addition of se- 
rum, is different from PTC deficiency. 
Thrombin generation in horse plasma was 
improved after addition of normal human 
plasma. It was also improved by addition of 
a component in human serum, which is not 
adsorbed by BaSO, and resists heating at 
56°C for 30 min. This factor was absent 
from the horse serum and from plasma or se- 
rum from a patient with the Hageman trait. 
These results indicate that the coagulation 
defect in this horse is caused by lack of a fac- 
tor probably identical with the human Hage- 
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man factor. Thrombin generation in horse 
plasma is also improved by addition of a 
washed suspension of human platelets, fresh 
as well as frozen. It is even improved by ad- 
dition of a fresh suspension of washed plate- 
lets from its own plasma. Similarly throm- 
bin generation became normal after freezing 
of the platelet rich plasma with no further ad- 
ditives. Freezing of the platelet poor plasma 
had no significant effect on thrombin genera- 
tion. Apparently absence of, the Hageman 
factor can be compensated by the frozen or 
normal washed platelets. This phenomenon 
has recently been observed also in human 
plasma(10). The finding that the samples 
of horse plasma and horse serum here inves- 
tigated were able to make normal thrombin 
generation in plasma from a supposed PTC 
deficient patient does not accord with our 
earlier observation(3). However, further in- 
vestigations have shown this patient to be de- 
ficient in a factor which is present in reab- 
sorbed normal human serum, and which there- 
fore differs from PTC. 

The sample of horse plasma previously 
used(3) did not yield a completely normal 
thrombin generation after freezing, as was 
found in the present sample. This observa- 
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tion and the finding mentioned before of a 
horse with completely normal thrombin gen- 
eration, together with the reports of other 
authors indicate that horse, like man, presents 
various types of hemophilioid diseases. P. 
Barkhan (personal communication) has also 
observed different defects in the thromboplas- 
tin system of the various samples of horse 
plasma. 

Summary. 1. The delayed thrombin gen- 
eration in samples of horse plasma was made 
normal by 1) addition of normal human 
plasma, or 2) addition of reabsorbed heated 
human serum, or 3) addition of washed hu- 
man or horse platelets, or 4) freezing of the 
horse plasma with its normal content of 
platelets. 2. These results indicate that the 
clotting defect of the horse plasma investi- 
gated is caused by lack of a factor similar to 
the Hageman factor. 3. Blood platelets, 
after washing or freezing, apparently substi- 
tute for the effect of the lacking plasma fac- 
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tor. 4. The coagulation defects in horse | 
plasma apparently reflect various types of 
hemophilioid deficiencies. 


1. Soulier, J. P., and Larrieu, M. J., J. Lab. Clin. 
Med., 1953, v41, 849. 

2. Bell, W. N., Archer, R. K., and Tomlin, S. C., 
Nature, 1955, v175, 596. 

3. Sjglin, K.-E., ibid., 1956, v178, 153. 

4. , Scand. J. Clin. and Lab. Invest., 1956, 
v8, 138. 

5. Biggs, R., and MacFarlane, R. G. Human 
Blood Coagulation and Its Disorders, Blackwell Sci- 
entific Publications, Oxford, 1953. 

6. Owren, P. A., Scand. J. Clin. and Lab. Invest., 
1949, vl, 81. 

7. Astrup, T., Miillertz, S., and Hansen, J. R., 
ibid., 1951, v3, 209. 

8. Brodthagen, H., zbid., 1953, v5, 376. 

9. Sjélin, K.-E., Thrombosis et Diathesis Haemor- 
rhagica, 1957, in press. 

10. , Danish Med. Bull., 1956, v3, 222. 


Received February 25, 1957. P.S.E.B.M., 1957, v94. 


Comparison of Duration of Action of Progesterone and 


17-a-Hydroxyprogesterone-17-n-Caproate. 
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Wooprow B. KEssLeR AND ALECK BorMAN (Introduced by J. O. Lampen) 
Squibb Institute for Medical Research, New Brunswick, N. J. 


17-a-Hydroxyprogesterone(1), a progesta- 
tionally ineffectual compound(2), has been 
esterified to yield 17-a-hydroxyprogesterone- 
17-n-caproate (HPC), a potent progestational 
substance(3). Junkmann(3) also demon- 
strated that when HPC was administered to 
rabbits in an ethyl lactate-castor oil vehicle, 
the progestational action was more prolonged 
than when progesterone was given in the same 
vehicle. 

The present study was designed to verify 
Junkmann’s findings and to determine the 
duration of action of HPC in benzyl benzo- 
ate-sesame oil, an oily vehicle more desirable 
for human therapy. Limited success has been 
reported previously by Plotz(4) in prolong- 
ing the activity of progesterone by vehicular 
alteration. 


Materials and methods. Immature virgin 
female Flemish rabbits were primed with daily 


4 (7) 17 %-HyoROXYPROGESTERONE CAPROATE 
PROGESTERONE 


UTERINE RESPONSE 
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TIME FOLLOWING INJECTION 
FIG. 1. Effect of progesterone and 17-a-hydroxypro- 
gesterone caproate in ethyl lactate-castor oil on pro- 
gestational changes in rabbit uterus (single subcu- 


taneous inj). 


subcutaneous injections of 5 yg of estradiol in 
0.5 cc of sesame oil for 6 days. Treatment 
was initiated on the morning of the seventh 
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FIG. 2. Effect of progesterone and 17-a-hydroxyprogesterone caproate in benzyl benzoate-sesame 
oil on progestational changes in rabbit uterus (single subcutaneous inj). 
day. In one study 10 mg of progesterone, or tate-castor oil was used as the vehicle. Al- 


2.5, 5 or 10 mg of HPC in ethyl lactate-castor 
oil,* or the vehicle alone was given in 1 cc as 
a single subcutaneous injection. Estradiol 
administration was continued daily at 0.5 pg 
for the duration of the study. In a second 
study an identical procedure was followed to 
evaluate benzyl benzoate-sesame oilt as a ve- 
hicle, but in this study 5, 10 or 20 mg of pro- 
gesterone and similar doses of HPC? were ad- 
ministered. Groups consisting of 4 rabbits 
were sacrificed at intervals ranging from 2 to 
20 days following the injection of the steroids, 
and vehicle-treated control animals received 
similar necropsy treatment. A uterine seg- 
ment from each rabbit was fixed in Bouin’s 
fluid and examined microscopically after he- 
matoxylin-eosin staining. Simple estrogenic 
proliferation of the uterine mucosa was as- 
signed an arbitrary value of O, while the de- 
gree of progestational hyperplasia of the en- 
dometrium was estimated on a +1 to +4 
basis(5). 

Results. The progestational effect of a 
single progesterone injection was more pro- 
nounced at 3 days following administration 
than was the effect of HPC, when ethyl lac- 


* Composition in final solution: ethyl lactate 453 
mg/cc; castor oil 424 mg/cc. 
+ 30% benzyl benzoate v/v; 70% 
JN; 0.5% chlorobutanol as a preservative. 

t As Delalutin (Squibb), containing 125 mg of 
HPC per cc of 30% benzyl benzoate, 70% sesame 
oil and 0.5% chlorobutanol. 


sesame oil 


Vv 


though progestational stimulation could not 
be detected 7 days after progesterone admin- 
istration, the uterine response to HPC was 
greater at 7 days than at 3 days and was even 
more marked at 10 days. These data are in 
agreement with those of Junkmann(3), who 
reported similar activity after a single injec- 
tion of HPC in the same oily vehicle, with 
maintenance of this effect beyond 13 days 
(Fig. 1). Only an estrogenic hypertrophy 
was seen in the control animals receiving ve- 
hicle alone. 

When a single injection of progesterone 
was given in benzyl benzoate-sesame oil the 
uterine response was maximal at 2 days but 
showed signs of waning at 4 days, whereas the 
effect of HPC in this vehicle reached a peak 
at 4 days. Eight days following administra- 
tion of progesterone in benzyl benzoate- 
sesame oil no progestational response was 
noted, while the response to HPC remained 
high. Thereafter, the progestational effect of 
HPC declined but was still apparent at 20 
days (Fig. 2). Again no progestational re- 
sponse was seen in the vehicle-tested controls. 

In comparing the data from Fig. 2 with 
those in Fig. 1 and those reported by Junk- 
mann(3) it is apparent that an earlier peak 
response to HPC is obtained with benzyl ben- 
zoate-sesame oil than with ethyl lactate-cas- 
tor oil. On the other hand, duration of ac- 
tivity of HPC in both vehicles is approxi- 
mately the same. 
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Similar studies of shorter duration were 
also carried out to evaluate the effectiveness 
of 17-a-hydroxyprogesterone as a progesta- 
tional agent. A +2 progestational effect was 
noted with 50 mg of this compound, whereas 
no effect was demonstrated at 25 mg. This 
indicates that 17-a-hydroxyprogesterone is ap- 
proximately 1/100 as active as progesterone 
WE NBs 


Summary. 1. 17-a-hydroxyprogesterone- 
17-n-caproate (HPC) is an active progesta- 
tional compound possessing prolonged activ- 
ity, in confirmation of Junkmann(3). 2. 
Modification of the oily vehicle has resulted 


17-a-HyDROXYPROGESTERONE- 1 7-n-CAPROATE 


in an earlier peak response to HPC in virgin , 
female rabbits, without affecting duration of 
action. 3. It has been verified that 17-a- 
hydroxyprogesterone is an extremely weak 
progestational agent. ; 
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